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SUMMARY
Principal components analysis, using the reported properties 
of 250 brewing strains of Saccharomyces cerevisiae held at the 
National Collection of Yeast Cultures, differentiated five 
groups of strains, each group consisting of two sub-groups.
An antiserum was prepared against one strain from each group: 
these were then used to carry out micro-immunoelectrophoresis 
of 43 strains, chosen to be representative of the groups.
19 antigens were recognised.
Multi-variate analysis methods (principal components and 
cluster analysis) were then used to determine whether any 
associations could be observed between antigenic structure and 
the brewing properties of the strains. Associations were 
demonstrated between the antigens designated 6 and 7 and the 
brewing property of head formation, between antigens 4A, 5 and 
10 and deposit formation, between antigen 8 and rate of 
attenuation and between antigens 5 and 7 and clarification with 
finings. The validity of these findings was confirmed by 
antigenic analysis of variant strains differing in brewing 
properties from the parent strain: in these variant strains 
a change in a particular brewing property was accompanied by 
corresponding changes in antigenic structure.
It became apparent that variation and mutation were more 
prevalent in brewing yeast than had been realised; the incidence 
and effects of mutation to respiratory deficiency (RD) were 
examined as a particular case of this.
In the production of brewers* wort on laboratory, pilot
and production scale formaldehyde was added to the mash.
i
During subsequent fermentations it was shown that in the case 
of ale yeast A (AYA) the rate of production of RD mutants from 
the parent strain was dependent on the initial formaldehyde 
concentration; formaldehyde added at the beginning of the 
mashing programme caused the greatest degree of mutation.
After mashing, levels of free formaldehyde were low 
CO.1-0.5 ppm), suggesting the formation of a mutagenic reaction 
product: this was apparently a heat stable dialysable nitrogen 
compound of less than 10,000 molecular weight.
RD mutants were more sedimentary than the parent and 
some had faster fermentation times. A further ale yeast (AYB) 
and a lager yeast (LYA) were examined: LYA showed a high
mutation rate even in the absence of formaldehyde.
Acknowledgment s
This work was carried out in the Research and Development 
department of Watney Mann and Truman Brewers Limited in 
collaboration with the University of Surrey.
Grateful thanks are due to my supervisors, Dr. J. Hoggan 
and Professor J.E. Smith for their help, encouragement and 
guidance throughout this project.
Thanks are also due to the staff of the Research and 
Development department for their advice and interest and to 
Mr. P. Trumper of the animal unit for instruction on the 
handling of experimental animals.
Especial thanks are due to Dr. T. Bryant of the 1 
Microbiology Department of the University of Surrey for advice 
in the interpretation of the computing results. ~ -
Finally, I should like to thank Miss J.D. Harris, my 
typist, for her patience and skill in dealing with such a 
difficult subject.
T A B L E  OF CONTENTS
i Page
INTRODUCTION 1
SECTION I 2
The development of micro-biology in brewing 2
The role of yeast in fermentation 2
The development of fermentation technology 4
The detection and prevention of infection 5
Initial recognition of contaminants 5
Hop antiseptics 7
The detection of wild yeasts 8
The detection of bacteria 9
Rapid methods of detection 11
Pure culture fermentation 13
Microbiological evaluation of brewing yeasts 13
Evaluation by fermentation test 14
Evaluation by intrinsic characterisation ; 17
Fermentation efficiency 18
Specific growth constant    19
. Maltotriose fermentation 19
Flocculation 19
Adsorption of hop bittering compounds 22
Yeast head formation 22
Secondary fermentation products 22
Yeast oxygen requirement 24
Yeast strain attenuation limit 24
Stability of strain characteristics 24
j^age
Application of evaluation methods 25
Yeast strain characterisation in th,e U.K. 25
Suitability of methods 26
Application of evaluation methods to 
other fermentation industries 26
The application of serology to brewing microbiology 27 
The detection of infecting micro-organisms 27
Detection of wild yeasts 27
Detection of bacteria 28
Serology of brewing yeasts 29
Serological examination of brewing yeasts 29
Serological evaluation ofbrewing yeasts 30
Immuno-electrophoresis 31
Adansonian methods in microbiology 32
Cluster analysis and principal components 
analysis 32
Scope and emphasis of the present work 33
SECTION II __ 36
Respiratory deficiency in Yeasts 36
Frequency of mutation 36
Induction of RD mutants 36
Chemical mutagens 36
Ultra-violet irradiation 38
Types of RD mutants 38
Detection of RD mutants 39
RD mutants in industrial fermentations 40
RD mutants in brewers yeast 40
Page
Influence of formaldehyde on the induction 
of RD mutants ‘ 41
Formaldehyde in brewing 41
MATERIALS AND METHODS 43
SECTION I 44
Source and maintenance of cultures 44
Preliminary experiments 45
Extraction of antigens 45
Preparation of antiserum 46
Immuno-electrophoresis 47
Determination of factors affecting antigenic 
pattern in strain AYA 48
Fermentation temoerature 48
Wort Oxygenation 48
Fermentation medium 49
Stage of fermentation ' 50
Immunological assessment of yeast strains 50
Cross-reactions of yeasts with strain AYA - 50
Strains of yeast other than Saccharomyces 50
Saccharomyces strains other than ale yeasts 51
Cross-reactions between various brewing strains 52 
Principal components analysis 52
Preparation of additional antisera 52
Determination of cross-reaction 52
Determination of cross-reactions by 
absorption 52
Immobilisation on activated sepharose 53
Page
Principal components analysis 54
Cluster analysis ' 54
Production of mutant yeast variants 55
Non-flocculent variants 55
Non~head forming variant 55
Petite mutant of strain AYA 56
Composition of antigen material extracted from 
yeast 56
Specific staining 56
Protein stain - 56
Glycoprotein stain 56
Lipoprotein 56
Nucleic acid 57
Location of yeast antigen material 57
Protein content 57
Hexokinase activity 57
Invertase 57
Acid and alkaline phosphatase 57
RNA concentration   58
Ammonium sulphate fractionation 58
SECTION II 59
Respiratory deficient mutants 59
Preparation of mashes and worts 59
Production and pilot scale 59
Laboratory mashes 59
Additions to mashes and worts 59
Determination of free formaldehyde 60
Fermentations i 60
Detection and enumeration of respiratory 
deficient mutants 62
Characterisation of RD mutants 62
Growth rates 63
Flocculation and Sedimentation 63
Fermentation behaviour 64
Secondary metabolite production 64
Investigation of mutagenic reaction product 64
Mutant production in artificial media 64
Direct addition of formaldehyde to yeast 65
Heat stability of the mutagen 65
Dialysis of hopped wort 66
Ion-exchange chromatography of hopped wort 66
Production of mutagen using othersubstrates 67
RESULTS 69
SECTION I 70
Principal components analysis of yeast strains 70
Serological studies on strain AYA CAle Yeast A) 77
Antigenic pattern of strain AYA 77
Effect of cultural conditions on the antigenic 
pattern of strain AYA 80
Fermentation temperature 80
Wort oxygenation 82
: Fermentation medium 82
Stage of fermentation 85
Serological studies on other yeasts 87
Strains other than Saccharomyces 1 87
Strains of Saccharomyces not used for 
ale fermentation 89
Extended serological studies on ale brewing strains 89 
Principal components analysis 91
Correlation coefficients 106
Cluster analysis 116
Concordance between B.Q. groups and groups 
observed by antigenic analysis 116
Antigenic composition of CA groups 123
Distribution of selected antigens in B.Q. 
groups 128
General Inferences from analysis of results 135
Absorption of antisera 138
Determination of yeast strain antigenic structure 145 
Immuno-electrophoresis of antigen extracts 145
Immuno-electrophoresis using the absorbed 
antisera - - 147
Production of yeast variants 151
; Non-flocculent variant of strain AYA 154
Non-head forming variant of strain AYB 154
Petite mutant of strain AYA 156
Physico-chemical nature of antigen extracts 
from strain AYA 160
Specific staining 160
Ammonium sulphate fractionation 160
Source of yeast antigens 1.61-
Page
SECTION II 165
Development of Respiratory Deficient mutants 165
Production and pilot scale fermentations 165
Laboratory fermentations 168
Time of formaldehyde addition to the mash 170
Additions other than formaldehyde 170
Mutagenic activity of formaldehyde 175
Effect of medium 175
Direct addition to yeast 175
Heat stability of mutagen 178
Dialysis of hopped wort 178
Ion-exchange chromatography of hopped wort 178
Production of mutagen from other substrates 182
Characterisation of RD mutants of strain AYA 185
Growth rate 189
Sedimentation ability 189
Fermentation performance 189
DISCUSSION 195
SECTION I 196
Serological examination of S .cerevisiae 196
Preliminary experiments 196
Production of antisera and antigen extracts 196 
Immuno-electrophoresis 197
Serological examination of brewing strains 199
Association of yeast antigens with 
brewing properties 199
Variation in yeast antigens during changes 
in fermentation conditions 203
Antigenic alterations in variants showing 
differing brewing properties j
Antigenic structure of S.cerevisiae 
The use of multivariate analysis in the 
examination of serological results
Principal components analysis of B.Q. data 
(computation Cl))
Principal components analysis of serological 
data Computation (2))
Cluster analysis
Assessment of multivariate analyses 
Potential value of the serological approach in 
other studies on yeast 
Yeast taxonomy
•  •
Application of serological methods within 
the brewing industry
Application of serological methods to 
other fermentation industries 
Possible application of antigenic studies by 
immuno-electrophoresis coupled with multivariate 
analysis of the results outside the fermentation 
industries
SECTION II
Implication of mutation in industrial 
fermentations
Mode of action of formaldehyde in formation 
of RD mutants
Effects of wort composition on mutation
206
208
209
211
212
217
221
222
222
223
227
229
232
232
232
233
Effects of RD mutants upon fermentation 235
The use of serology in the study of RD* mutation 237
Future aspects 238
REFERENCES 240
APPENDICES
Appendix le 
Appendix 2.
Al.
A9.
iI N T R O D U C T I O N
INTRODUCTION
SECTION I
i
The development of microbiology in brewing 
The role of yeast in fermentation
The scientific application of microbiological knowledge 
to the beer fermentation process originated from the work of 
Pasteur and others in the mid nineteenth century, which showed 
yeast to be the causal agent of fermentation, just as parallel 
studies of the same period were revealing various bacteria, 
protozoa and fungi to be the causal agents of disease.
Yeast had hitherto been regarded-as an undesirable by­
product that should speedily be removed. By the seventeenth 
century some brewers, however, were re-using yeast but’failing 
to understand the significance of their practice.
Yeasts were first viewed microscopically by Van Leuwenhoek 
0,680] who observed their cellular nature without realising that 
they were living organisms. He considered them to be composed 
of globules which when mixed together formed cells. The first 
indications of the nature of yeasts came from Cagniara-latour 
0,836) and Schwann 0-837) who noted that yeast cells reproduced 
vegetatively and that beer and wine fermentations were associated 
with the development of these cells. The fungi of fermentation 
were termed "Zuckerpilz" by Schwann but it was Meyen in 1837 
who originated the generic name Saccharomyces for these fungi.
At the same time as these investigations were being carried 
out, chemical theories of fermentation were being proposed by 
Liebig and Wohler and also by Berzelius (Jdrgensen 1948),
Rees in 1870 produced a systematic classification of yeasts 
which limited the genus Saccharomyces to sporogenous budding 
organisms not forming a true mycelium. This genus included the 
species S.cerevisiae Cfrom the latin term for beer, cerevisa) 
and was sub-divided on the basis of cell shape. Rees (1870) 
considered the yeasts of ale and lager fermentations to be 
modifications of the same type rather than different species.
In 1876 Pasteur published his "Etudes sur la biere" and 
it was these studies in conjunction with the earlier work of 
Schwann Cl837) and Schroeder and Dusch C1855) that finally 
proved the biological theory of fermentation. Pasteur reported 
his own experiments concerning the influence of oxygen and pH 
upon fermentation, upon the effects of temperature on yeast 
growth and upon the types of bacteria and wild yeasts associated 
with spoilt fermentations, Pasteur also recognised two types of 
brewing yeast, high and low ferments corresponding to top and
bottom yeasts. Top yeasts, traditionally associated with ale
fermentation CSVcerevisiae), rise to the surface of a 
fermentation from where they are harvested; bottom yeasts, 
traditionally associated with lager fermentations (S .uvarum) , 
do not form a yeast head, settle to the bottom after fermentation 
and are harvested from there.
Hansen G1886) further developed Pasteur*s initial 
investigations into yeast culture and proposed methods for the 
isolation of single yeast cells and their subsequent 
propagation as pure cultures, based on the separation of
individual cells viewed under a microscope.
the name S .cerevisiae but recognised, not only that high and low j
ferment yeasts could be different strains, but that the various ;
i
types of high ferment yeasts, for example those from London 
and Burton-on-Trent, might also be individual strains.
■ *
In 1904, Hansen revised the classification of the genus 
Saccharomyces as described by Rees (1870) removing several j
yeasts to the genera Pichia, Willia and Saccharomycodes, j
created for this purpose. Later, in 1908 Hansen isolated a j
yeast from the Carlsberg brewery and named it S .carlsbergensis, j
I
thus indicating the belief that a basic difference-existed j
between lager yeast and ale yeast (S.cerevisiae). !
. . i-!
!
i
The development of fermentation technology
The study of yeast and methods of fermentation commenced 
with the recognition that the two main varieties of beer, 
lager and ale, were produced by the two different species of 
Saccharomyces, S.carlsbergensis (uvarum) and S.cerevisiae
r
respectively. |
: ■ i
. !
Until the middle of the twentieth century English and j
• f.
i-
Continental beers were largely produced in open fermentation j
vessels prone to airborne infection. Recent developments in |
brewing technology have led to the increased use of enclosed j
■ "  f
fermentation systems, particularly cylindro-conical or Nathan j
. I
vessels, which are much less susceptible to airborne infection j
- !
and which facilitate automatic in-place cleaning and sterilisation S
(Hough et al. 1971). The use of cylindro-conical fermentors has j
also markedly reduced fermentation times and therefore increased j
' j
the efficiency of plant usage. j
The application of systems of continuous fermentation to
brewing has not generally been successful although approximately
i
six per cent of the total United Kingdom beer production is now 
produced by this means. For some methods of continuous 
fermentation there is a requirement for strains of yeast somewhat 
different from normal brewery strains in that a much higher 
degree of flocculence is desirable. Methods of continuous 
fermentation and their potential applications have been extensively 
reviewed by Rainbow (1970) and Hough et al. (1971).
l r\ c J u d e s
Current research in fermentation technology i: " j the 
use of immobilised plugs of yeast for fermentation and beer 
maturation and the control of fermentations at normal and elevated 
original specific gravity by the control of wort oxygenation 
CBaker and Kirsop, 1973; Palmer and Rennie, 1974).
The detection and prevention of infection 
Initial recognition of contaminants. The use of the 
haemocytometer slide in the examination of pitching yeast 
for the determination of levels of infecting bacteria was first 
described by Pedersen (1878). By 1889, progressive brewers 
were introducing the forcing test for the examination of worts, 
yeasts and beers: samples were maintained at 80°F (26.6°C) in 
stoppered bottles for a period of one to two weeks and any 
sediment produced examined microscopically for the presence of 
bacteria and wild yeasts (yeasts showing a morphology differing 
from that of the culture yeast).
the recognition and identification of many common brewery
contaminants. Pediococcus cerevisiae was first reported by
i
Balcke (1884) and was until recently detected by modifications 
of the forcing test. Lactobacilli and wort bacteria 
CEnterobacteriaceae) were also recognised at this time.
Zeidler (1896) created the genus Terxnobacterium to which 
Lindner (1895) assigned five species of bacteria isolated 
from contaminated worts. These bacteria can now be recognised 
as strains of Zymomonas anaerobia, Obesumbacterium (Hafnia) V  
p'rofeus and Lactobacillus. Gram staining, although available, 
was not widely used during this period. Bacteriological 
examinations concentrated upon the detection of species of 
Lactobacillus and Acetobacter, The existence of Wort Bacteria 
was well documented, but they were not considered important 
contaminants in comparison with these other more virulent 
spoilage organisms (Brown 1916).
. f
In the sLxty years following the researches of Pasteur, 
Hansen and their co-workers, developments in brewing microbiology 
were few and efforts were channelled into improving systems of 
fermentation in such a way that access of bacteria and wild 
yeasts would be hindered. Although microbiological research 
was being carried out during this period and the presence of 
infecting bacteria reported, the descriptions produced were 
insufficiently accurate to permit the subsequent identification 
of these isolates by Shimwell (_1936b and 1943). The then 
current taxonomic conventions classed all rod shaped organisms 
under the generic name of Bacterium or Bacillus and it was not 
until 1934 with the publication of the fourth edition of 
"Bergey’s Manual of Determinative Bacteriology” that a system 
of classification based on characters other than morphology 
became generally available.
were reported by Shimwell (1937c, 1943) to be mainly acidity :
produced by Lactobacillus and Acetobacter spp, ropiness and j
j |
Sarcina sickness. Defects in flavour and aroma followed wort j
infection with Acetobacter and 0.proteus. I
' ' . I
Hop antiseptics. The most probable cause for the hiatus in j
■ i
research following Pasteur and his co-workers was the then current j
belief that the antiseptic properties of hops were sufficient to j
■ |
render the wort resistant or immune to bacterial infection and j
that any infection occurring could be treated by the addition of 
extra hops. Shimwell (,1937a and b) investigated the influence 
of pH and hop extracts on bacterial growth and demonstrated that 
this antiseptic action was considerably less than believed against j
gram positive bacteria (which could also develop resistance) 
and virtually ineffective against gram negative bacteria. !
The search for some single factor, the regulation of
j
which would effectively control all bacteria characterised 
brewing microbiology in the first three decades of the 
twentieth century. Prior to the belief in hop antiseptics, 
production of bacteriologically stable worts and beers was 
believed to reside in control of assimilable wort nitrogen.
The investigations reported by Shimwell (1936a, 1937a and: b) j 
demonstrated that the physiology of the various contaminants j
differed to such an extent that a single control mechanism 
was most unlikely to succeed, for example, to restrict . 
Lactobacillus by increasing hop rate and reducing initial wort 
pH would not control Acetobacter: similarly, exclusion of air, 
which would control Acetobacter, would not control micro- 
aerophilic strains of Lactobacillus.
century the forcing test and direct microscopy were the main
methods for the detection of wild yeasts and bacteria. Pasteur
i
and his co-workers were aware of the existence and importance 
of wild yeasts but could recognise only those organisms 
differing in morphology from S .cerevisiae or S .uvarum.
Alternative methods were therefore sought which did not rely 
on the observation of a morphological difference. Early 
methods which utilised differences in heat tolerance and spore 
formation were reviewed by Lund and Thygesen (1957).
The use of specific yeast inhibitors began with the 
application by Hansen C1903) Qf a selective culture technique.
The sample for examination was subjected to two serial 
cultivations in four per cent tartaric acid solution in ten 
per cent sucrose. Following this the production of spores was 
examined using a gypsum block and yeasts producing spores 
within 40 hours at 10° to 12°C were assumed to be wild yeasts.
Goll and Chiano Q.943) produced a later modification of this 
test in which samples were incubated at 30°C in wort containing 
two per cent tartaric acid, and if fermentation commenced after 
24-48 hours then wild yeasts were considered to be present.
Windisch (1955) and Hoffman C1955) examined the use of 
tartaric acid to suppress culture yeast whilst allowing wild 
yeast to grow, however they observed little difference in the 
action of tartaric acid on the two groups of yeast and could not 
recommend its use to differentiate between wild and culture yeast. 
Morris and Eddy (1957) described a modification of the medium 
of Walters and Thiselton (1953) containing Lysine as the sole 
nitrogen source: S .cerevisiae and S .uvarum which failed to
utilise Lysine were unable to grow on this medium in contrast
to yeasts of most other genera, which could utilise the amino
'
acid. Unfortunately wild strains of Saccharomyces also fail to 
grow on this medium and contamination by these is not detected. 
Efforts to detect wild strains of Saccharomyces have involved 
media containing crystal violet (Kato, 1967), actidione 
(Harris and Watson, 1968) and fuchsin sulphite (Brenner et^  al., 
1970) but Lin (1975) found such media largely unsuccessful 
in practice. Colony type and colour on Wallerstein laboratory 
nutrient agar was proposed by Hall in 1971 as a means to 
distinguish between culture yeast and wild yeast. This medium, 
which was originally developed to act. as a general purpose 
medium for the cultivation of brewery micro-organisms, supports 
the growth of both culture and wild yeasts. Although 
differences between yeast types can be quite marked, the fact 
that no inhibition of culture yeast occurs makes the practical 
differentiation of the two types extremelydifficult in samples 
containing a high proportion of culture yeast.
Lin C1975) described a medium containing a combination of 
crystal violet and fuchsin sulphite for the detection of wild 
strains of Saccharomyces and proposed.that it be used in 
conjunction with the lysine medium of Morris and Eddy (1957) 
for the routine detection of wild yeasts.
The detection of bacteria. Reductions in the levels of 
contaminating bacteria ana wild yeast were initially produced 
not by improved microbiological methods, but by the design of 
improved fermentation plant and by increased sanitation.
The application 01 the cultural techniques 01 meaicai 
microbiology allowed the detection of infection down to a level 
of about 30 organisms per millilitre. The initial experiments 
utilised a meat extract gelatin medium, but this was criticised 
by Briant (.1898) as it did not reflect the environment of the 
spoilage organisms. The detection of bacteria in the presence 
of yeast was accomplished either by preliminary mechanical 
separation or by the use of specific yeast inhibitors.
Claussen C1903) employed ammonium bifluoride as a yeast 
inhibitor whilst Shimwell (.1936a) recommended a differential 
centrifugation technique.
It was the development of the polyene antibiotics such
as actidione that enabled the complete suppression of yeast
in the presence of bacteria to be achieved. Gray (1951a)
*
described a general purpose medium, Wallerstein Laboratory 
nutrient agar (WLN), for the detection of brewery micro­
organisms, which could be made specific for bacteria by the 
addition of actidione. Dean (1957) proposed the use of a 
variant of the forcing test in a beer extract medium_for the 
detection of Lactobacilli, while Williamson (1959) formulated 
a number of related selective media for the detection of the 
various types of infecting bacteria, Kozulis and Page (1968) 
developed an alternative general purpose medium, Universal 
Beer agar, designed to replace WLN.
Media designed specifically for the detection of 
Pediococcus have been described by Nakagawa (1964), Van Engel 
(.1971) and Solberg and Clausen (1973).
A single selective medium containing principally tomato 
juice solids, glucose, yeast extract, calcium carbonate and 
peptonised milk was described by Lee et al.(1975) upon which 
it was claimed detection of all contaminating bacteria was 
possible by their colour reactions.
The reviews of Ault (.1965), Kleyn and Hough (1971),
Rainbow C1971) and Richards (_1972) extensively describe the 
types and occurrence, of infecting bacteria and the evolution 
of the methods used for their detection and enumeration. The 
range of bacterial genera normally encountered is small and 
all isolates have been of non-pathogenic organisms, indeed 
beer and wort cannot support the growth of the majority of 
pathogens. Gram positive contaminants are normally of the 
genera Lactobacillus or Pediococcus, gram negative, of*the 
genera: Acetobacter, Acetomonas, Zymomonas and Obesumbacterium 
(Hafnia) and other coliform bacteria. Indications of Pseudomonas 
may occur but these bacteria are normally unable to multiply 
in beer or wort.
Rapid methods of detection. Recent developments in fermentation 
technology that have resulted in more rapid fermentations have 
necessitated the development of more rapid detection methods 
for spoilage micro-organisms. In addition, the advent of 
filtered beers has required an improvement in the levels of 
detection of these organisms.
The necessity to concentrate samples has led to the 
application of membrane filtration techniques to brewing 
microbiology. Nobile (1967) reviewed the application of 
membrane filtration to filtered beers, whilst Kovecses et al.
0-972) reviewed the general applications of these methods and
the recovery and survival of micro-organisms on membrane filters.
' i
Harrison et aJ.Q-974) reviewed the rapid detection of micro­
organisms and discussed the application of these methods to 
brewing micro-biology. They divided methods of detection into 
four groups, Group one, methods dependent on biochemical
characteristics e.g., ATP and NAD assay, having a sensitivity
3
of approximately 10 cells. Group two, methods dependent
on the micro-organisms producing a change in their growth
medium, for example, pH and impedance changes and uptake of
radioactively labelled substrate with a claimed sensitivity 
4of about 10 bacterial cells, The third group consists of
physical measurements, such as gravimetry and cell counting
2with a sensitivity of 10 bacterial cells per millilitre.
The last group consists of staining methods with a detection
2
limit of approximately 10 cells. In addition to these methods, 
the technique of immuno-fluorescence has been applied to the 
detection of wild yeasts (Hichards and Cowland 1967, Cowan 1971) 
and Lactobacillus QDolezil and Kirsop 1975).
Improved cultural techniques have recently been 
demonstrated by Hsu et al. (1975) who claim that improvements 
in the speed of detection can be obtained without the 
necessity for the sophisticated apparatus of the methods 
reviewed by Harrison et al. 0-974)./ Two media were described, 
one for the detection of Lactobacillus and Pediococcus within 
48 hours and a second to give a total count of aerobic micro­
organisms in less than 48 hours.
Pure culture fermentation
The development of pure yeast cultures for iermentations 
was not immediately followed in England by their use for beer 
production. That this was so was a result of the reluctance 
of English brewers to use such cultures which, they felt, were 
inferior to their existing mixtures of yeast strains (Lloyd Hind 
1943). However with changes in fermentation technology which 
reduced conditioning times after initial fermentation the main 
objection to this practice i.e. that it was not suitable for 
beers that required long periods of conditioning became 
unimport ant.
Methods of pure yeast culture propagation have been reviewed 
by Hough et al - C1971) . Yeast cultures may be maintained for short 
periods by storage on wort agar at between 0-10°C or in liquid 
media, such as wort or the MYGP medium of Wickerham (1951). To 
avoid possible mutation resulting from continued sub-culture 
on the above media, cultures may be maintained in liquid nitrogen. 
Lyophilisation, although causing some alteration in sugar 
fermentation patterns, was considered by Kirsop (1974) not to 
cause mutation of brewing properties. Cultures of yeast in a 
skimmed milk medium have been shown to maintain viability when 
adsorbed onto silica gel which is then kept under refrigeration 
(jGriveil and Jackson, 1969, Trollope, 1975).
Microbiological evaluation of brewing yeasts
The application of techniques first proposed by Hansen 
(1886) has provided a means by which pure yeast strains may be 
isolated and cultured. The possibility therefore exists to 
employ such strains for single culture fermentations.
A screening process however must first of all be carried out
to evaluate the suitability of the strains for practical brewing
i
and to eliminate those-possessing undesirable characteristics. 
Early methods of evaluation categorized yeasts as top or bottom 
fermenting and flocculent or powdery (non-fiocculent). Subsequen 
microbiological evaluation methods fall into two main groups. 
Firstly the use of scaled-down fermentation tests to determine 
overall yeast performance and secondly the measurement of 
individual, intrinsic characters of the strain which are 
considered to contribute to overall performance and are assumed 
to be under genetic control.
Evaluation by fermentation test
This type of evaluation is partly subjective in that it 
depends upon the role envisaged for the yeast strain, for 
example whether it is to be used for top, bottom or continuous 
fermentation, whether it is to be cropped by skimming or 
centrifugation and what is required with respect to speed and 
degree of attenuation.
Cook C1969) considered the three main general requirements 
for a good brewing yeast as rapid growth, high fermentative 
power and satisfactory separation after fermentation. In 
addition he also defined three secondary requirements, the 
minimum depletion of hop substances, satisfactory production of 
secondary fermentation metabolites and acceptable levels of 
production of other minor fermentation products.
In evaluation by fermentation tests an attempt is made to 
simulate the conditions that occur during a normal fermentation 
so that the degree of suitability of the yeast strain can be 
determined in such a way that is relevant to full scale 
operations.
Weinfurtner et al. 0961) described a tubular glass micro­
fermentation vessel which was used to determine the brewing 
properties of yeast strains. They concluded that this apparatus 
accurately mirrored the course of fermentation in the full scale 
and that the results they obtained for two non-floccuient and 
four fiocculent strains were consistent with those obtained during 
full scale brewing with these yeasts. Similar systems were 
employed by Lietz0961) who considered that four preliminary 
fermentations were necessary to allow adaptation by the yeast 
strains to the wort and fermentation system.
Cook 0-963) also advocated the use of tubular fermentation 
vessels for the examination of yeast strains to establish their 
suitability for eventual use in full scale fermentations. 
Measurements were made of the rate of fall in specific gravity 
with time, the amount of yeast in suspension and the total 
amount of yeast produced. Qualitative observations of size and 
type of yeast head and the degree of flocculence were also made 
and all results compared with the performance of the same strains 
on the pilot scale. With eleven of the twelve strains 
examined, experimental results from two litre laboratory 
fermentations were confirmed by the subsequent pilot scale 
experiments. There was, however, no relationship between 
desirable performance in fermentation and satisfactory flavour 
development.
Stevens (1966) used jacketed stainless steel tubes
containing three litres of wort to conduct fermentation tests
i
in a yeast strain selection programme. Beers produced by this 
system were stated to be sufficiently close to the production 
versions to enable these fermentation vessels to be used in 
strain selection and evaluation of strains from a culture 
collection or isolated from a contaminated mixture from which 
an original strain was to be retrieved.
Walkey and Kirsop 0969) used tubular fermentation vessels 
in an important survey of 153 strains of S .cerevisiae. The 
strains were evaluated for
1, yeast head formation
2, production of yeast deposit
3, degree of attenuation (the attenuation of a fermentation 
is the reduction of specific gravity that occurs during 
that fermentation)
4, rate of attenuation
5., the quantity of yeast left in suspension coupled with the 
ease with which isinglass finings removed this yeast.
Of the strains examined, 28 per cent formed little or no yeast 
head and within this group, three classes could be recognised 
on the basis of sedimentation. The head forming yeasts could 
also be sub-divided according to sedimentation properties. 
Variations in degree and rate of attenuation could not generally 
be correlated with any of the classes revealed by head formation 
and sedimentation, with the exception that strains with strong 
head forming properties tended to produce under attenuation 
due to the physical removal of yeast from the fermentation.
in which assessment of strains was largely accomplished by 
experiments in two litre EBC (European Brewing Congress) 
fermentation vessels. He observed that some modification of 
fermentation conditions might be necessary in order to more 
precisely simulate the production scale and that promising 
strains should be sequentially re-pitched to determine the 
stability of the yeast fermentation characteristics.
Tall tube fermentation tests as described by Walkey and 
Kirsop 0969) have also been employed by Ferguson et al. (1972) 
and Clayton et al. 0973) for the evaluation of yeast strains 
and found to give results consistent with the behaviour of 
such strains on a larger scale.
A method for combining fermentation and intrinsic^ 
characterisation was suggested by Thorne (1972, 1975) who used 
fermentation tests in tali tubes to provide information as to 
fermentation behaviour and the selected intrinsic characteristics 
of flocculence, yeast growth and attenuation rate.
Evaluation by intrinsic characterisation
In intrinsic characterisation an attempt is made to assess 
a number of properties of the yeast strain believed to contribute 
to its performance in fermentation. Maaschelein (1967) considered 
the important properties to be the rates of ceil multiplication 
and fermentation, the chemical structure of the cell wall (which 
is important in flocculation, head formation and adsorption of 
wort components) and the production of secondary fermentation 
metabolites. David and Kirsop 0973) have reported recently that
yeast oxygen demand, which may vary from strain to strain, is a 
technically important intrinsic character. Other intrinsic 
characters such as levels of certain enzymes within the cell 
during fermentation have been proposed as useful for evaluation 
CHeyse and Piendl 1973)., Taxonomic criteria, such as bios 
typing (a classification based on vitamin requirements) and 
levels of specific enzymes and their regulatory mechanisms 
CGray 1951, Schleifinger 1967a) are not generally regarded as 
being significant in evaluation, in that it is difficult to 
relate most of these to desirable properties of a brewing yeast.
Fermentation efficiency, Thorne 0.954, 1958) suggested that
calculation of the fermentation efficiency of a yeast strain
would provide useful information for evaluation of yeast strains.
The value of the fermentation efficiency is the ratio of the*
fermentation velocity (Refined as ”the volume of C02 at N.T.P. 
evolved per hour per gram of moist yeast arbitrarily stated to 
contain 22,22fo dry matter when fermenting a defined substrate 
under standardized conditions”) to the yeast nitrogen content 
measured by Kjeldahl digestion of a sample CThorne 1954).
The progress of fermentation depends upon the state of the 
wort and yeast, Thorne (1954) considered that the intrinsic 
fermentative vigour, the rate and extent of yeast growth and 
the flocculence of the strain were the yeast factors involved 
and, of these, fermentative vigour was the most important. 
Measurements of fermentation velocity were carried out to give 
a numerical expression of fermentative vigour, and of yeast 
nitrogen as an indication of yeast enzyme levels. For a given 
strain, high levels of nitrogen were always associated with high 
fermentation velocities, indicating that the more enzymes
contained by the yeast, the faster was the fermentation. Values 
for fermentation efficiency were thus considered by Thorne to 
indicate the amount of total yeast nitrogen that had been 
utilised to form enzymes. Practical experience had shown that 
yeast strains preferred for practical brewing had high values 
of fermentation efficiency and led Thorne to suggest the 
importance of this characteristic for strain evaluation.
Specific growth constant. CThorne 1967) proposed that 
measurement of this characteristic (defined as the logarithmic 
growth constant determined under standardized conditions) would 
provide a technically important yeast evaluation method, as 
practical brewing also showed a preference for strains with a 
high value for this characteristic,
Maitotriose fermentation, Masschelein (1967) and Schleifinger 
C1967b) considered the speed of adaptation to maltotriose 
fermentation ais an important intrinsic characteristic. They 
regarded the ability to quickly adapt to this sugar, and thus 
be able to ferment it, as necessary to produce the correct 
degree of wort attenuation at an acceptable rate.
Flo cculat ion, The degree of flocculence expressed by an 
individual yeast strain is an intrinsic characteristic highly 
relevant to practical brewing. In general, yeasts are required 
which flocculate extensively at the end of fermentation to 
leave a minimum of yeast in suspension. Moreover, such 
flocculence must not be developed too early, otherwise slow 
fermentation and possibly insufficiently attenuated beers can 
result. The mechanism and genetics of flocculence have been 
extensively studied and although these are not fully elucidated, 
a number of hypotheses have been advanced.
Reviews of this work, which is outside the scope of this present 
discussion, have been produced by Jansen (1958), St. Johnston 
(1958), Rainbow (1966) and Lyons and Hough (197(1).
The phenomenon of co-flocculence, in which yeast strains 
that are individually either poorly or non-flocculent but 
become flocculent when mixed, has been extensively studied by 
Stewart (1972a, 1972b, 1974) and Stewart et al. (1972, 1973 and 
1975). Their findings indicate that for co-flocculation to 
occur a peptide material must be present on the yeast cell wall. 
This peptide is bound to the ceil wall, but is not taken up by 
the cell and metabolised. It is derived from the growth medium 
but does not appear to be bound until the cell wall mannan is 
of sufficient complexity.
♦
Flocculence, whether of a single strain or two strains 
(as in co-flocculence), is the aggregation of yeast cells to 
form a floe. Sedimentation is the settling out from suspension 
of yeast cells that normally occurs after fermentation and, 
which will occur at a faster rate if aggregations of-yeast cells 
(floes) of larger size have been formed. A number of different 
methods have been proposed for the evaluation of yeast 
flocculence. The Burn’s test as modified by Helm ejt jil. (1953) 
measures the rate of yeast sedimentation in a calcium-containing 
acetate buffer. The degree of flocculence of the yeast governs 
the rate and size of floe formation and thus the rate of yeast 
sedimentation, which is what is measured. Similar methods have 
been employed by Schonfeld (1909), Mill (1964) and Patel and 
Ingledew (1975). Spectrophotometric methods for the determination 
of yeast flocculence have been proposed by Kato and Nishikawa 
(1957) and Taylor and Orton (1975). These methods, particularly
that of Mill, measure the potential of the yeast to flocculate
under artificial conditions that promote flocculence (which are
i
suspension in acid buffers containing calcium ions) and in the 
absence of wort sugars that might normally inhibit flocculation 
at that stage in the fermentation.
Woof 0962) criticised these methods for not reflecting 
the conditions prevalent within a fermentation and proposed a 
method for examining flocculence by measuring the rate of 
flocculence-assisted sedimentation of yeasts in almost completely 
fermented wort at 4°C, The results which were obtained produced 
a closer picture of how the yeast behaves in a normal fermentation. 
The time at which the onset of flocculation occurs is important 
since yeast strains that flocculate early may produce under- 
attenuated beers with possibly large amounts of yeast left in 
suspension and those that are lately flocculent may cause over­
attenuation, Longley 0973) investigated this aspect of 
flocculation by carrying out sedimentation tests by a method 
based on that of Woof 0962) at various percentage attenuation 
leyels, thus providing information as to the time and onset of 
flocculation and the rate at which it develops.
Chester 0963) proposed a flocculation method that measured 
sedimentation after fermentation in a defined artificial 
medium. This method partially answers the criticism of methods 
based on buffers by being carried out in a complex growth medium 
and partially answers criticism of the Woof type of method in 
that the fermentation medium is reproducible.
For assessment of highly flocculent cultures for
continuous tower fermentation, Greenshields (1972) developed
i
a spectrophotometric method in which decrease in adsorbance 
of a yeast suspension in buffer was measured against time.
Adsorption of hop bittering compounds. A further major 
property associated with the yeast cell wall is the adsorption 
of hop bittering substances, which from an economic viewpoint 
should be as low as possible. Meilgaard et al.(1955) measured 
a loss of bitter substances in fermentation of 9% for flocculent 
and 13% for non-flocculent yeasts. Hough and Hudson (1961) 
also demonstrated the importance of yeast strain variation in 
the loss of hop bitter substances. Not all loss in fermentation 
is due to yeast adsorption however, as Hough and Rudin (1958), 
Dixon and Leach 0968) and Laws et_ al.0972) have demonstrated 
that the method of fermentation is also important in minimising 
the loss of hop bittering substances.
Ye as t he ad formation, A further property associated with the 
cell wall is the formation of a yeast head. Dixon and Kirsop 
0969) measured the adherence of yeast cells to bubbles of 
carbon dioxide and observed that head forming strains had a 
greater adherence than did non-head. formers. The significance 
of this characteristic lies in the eventual use of the yeast 
and whether the formation of a yeast head is desirable.
Secondary fermentation products. Yeast strain evaluation by the 
examination of the secondary products of fermentation has involved 
the use of gas liquid chromatography to determine levels of 
fusel oils (higher alcohols and esters including acetone, ethyl 
acetate, acetaldehyde, amyl alcohol and B-phenyl ethanol), 
diacetyl and dimethyl sulphide.
flryElp’&£ (1963) proposed a mechariisni for fusel oil synthesis
in which he demonstrated an inverse relationship between the
* i
production of these compounds and levels of assimilable nitrogen
in the culture medium. Two synthetic pathways for fusel oil
synthesis were proposed by Aryhp&h, the Ehrlich mechanism of
transamination or deamination of exogenous amino acids and a
mechanism via oxo acids from carbohydrates. Hudson and Stevens
C1960) and Hough and Stevens (1961) produced evidence indicating
the importance of strain to strain variation in fusel oil
production and in addition that conditions of fermentation and
wort composition also affect their production. The most
promising method of control of fusel oil production was
considered by Nordstrbm (1965) to be choice of yeast strains
and regulation of the levels of assimilable wort nitrogen.
♦
<%
Diacetyl and other vicin$Ll diketones (e.g. 2.3. pentanedione) 
are normal fermentation products that occur in greatest 
concentration during the initial most vigorous stage of 
fermentation (Kato and Nishikawa, 1960; Harrison al., 1965). 
Yeast will metabolise diacetyl however, and its removal is a 
function of the concentration of cells in suspension and therefore 
of flocculence (Burger et al. , 1957; Anh, 1965). The importance 
of yeast strain in determining final levels of these compounds 
has been investigated by Gilliland and Harrison (1966), Portno 
(1966) and Drews et al. (1969). White and Wainwright (1975a and b) 
concluded that the final levels of diketones in beer are 
determined by the ability of the yeast to remove them during 
fermentation which is governed bv yeast concentration in 
suspension and by yeast metabolic activity.
of yeast strains has been discussed ana advocated by
Masschelein (1967),Cook (1969), Gilliland (1971b), Thorne
21 . '
(1972, 1975) and rerguson et al. (197.:).
Yeast oxygen requirement. This has recently been shown by 
David and Kirsop (1973) to be an important characteristic 
in the evaluation of yeast strains. In investigating a number 
of brewing yeasts they observed that the initial level of wort 
oxygen required for optimum fermentation was a strain 
characteristic and that strains tended to belong to one of 
a number of groups defined by oxygen demand. The influence of 
oxygen in fermentation has recently been further reviewed by 
Kirsop (1974).
Yeast strain attenuation limit. The ability of a numbfer of 
yeast strains to ferment various wort sugars was described by 
Gilliland (1969). He commented upon the importance of 
attenuation limit in evaluation, as strains not producing the 
correct degree of attenuation would be unsuitable. The 
attenuation limit of a yeast strain when fermenting wort is 
the lowest specific gravity obtained by that organism under 
standardized conditions.
Stability of strain characteristics. In general there is no 
evidence that mutation occurs to any great extent in batch 
fermentation processes. Mutants that had lost the ability 
to ferment maltotriose were reported by Green and Stone (1952) 
whilst Chester (1963) in examining yeast flocculence found that 
stable variants which did not mutate to non-flocculent forms 
could easily be obtained. In addition, many of the spontaneous 
mutants are non-viable and are thus lost (Gilliland, 1971b).
by a loss of the respiratory mechanism for energy production,
is an exception to this. The spontaneous mutation rate varies
in different genes and for normal mutation is generally less 
6than 1 in 10 cells, however for respiratory deficiency it is
2
much higher, usually of the order of 1 in 10 cells. Yeast 
strains having a high basal rate of mutation to respiratory 
deficiency were considered by Hough et al. (1971) to be 
unsuitable for brewing. Mutation of this type may be increased 
by certain fermentation conditions and/or the presence of 
mutagens (Gyllang and Martinsson 1971; Hsu and Brenner 1971; 
Cowan ert al. 1975).
The occurrence of mutants during continuous fermentations
ate more »V\tense . 
is much more frequent as selection processes i -• . •..
- «
Thorne C1968, 1970) described continuous fermentation of a 
strain of S . uvarum in which 50 per cent of the isolated cells 
had mutated after a period of nine months.
Application of evaluation methods
Yeast strain characterisation in the U.K. Characterisation of 
brewing yeasts in the United Kingdom would appear to be based 
mainly on fermentation tests with some additional intrinsic 
testing. Ferguson et aT. (1972) used tall tube fermentation to 
evaluate the suitability for brewing of various yeast strains 
but extended the examination to include measurements of yeast 
crop, secondary metabolite production and loss of hop bitterness 
and attempted to relate these to yeast performance in full 
scale fermentations. Clayton et al, (1973) examined strains of 
yeast derived from a hybridisation programme by tall tube 
fermentation but included measurements of flocculation by the 
Chester method (Chester 1963). Little information as to yeast
sxraxn criaracxerisation m  the U.K. Is available but there 
would appear to be a preference for the fermentation test 
approach. '
Suitability of methods. Both intrinsic and fermentation methods 
of evaluation have been criticised for not providing sufficiently 
relevant information. Clayton et al. (1973), although reporting 
close agreement between tall tube and small scale fermentation, 
could not correlate this with actual brewery experience.
By statistical analysis of the inter-relationship of 
various intrinsic characteristics, Thorne (1972, 1975) concluded 
that only four characters, flocculence, rate and extent of 
growth, rate and extent of attenuation and flavour production 
were technically important.
»• -
Cowan et 'al. C1975) indicated that whilst a combination of 
fermentation test with measurements of flocculence and yeast 
growth provided sufficient information for the prediction of 
actual brewery performance, flavour evaluation was not- possible 
at this scale. Initial fermentation at the 10L scale followed 
by pilot plant fermentations of fifteen hectolitres of promising 
strains was necessary for the successful evaluation of flavour 
production.
Application of evaluation methods to other fermentation 
industries. The evaluation of the technological properties of 
wine yeasts by fermentation tests was described as largely 
unsuccessful by Kunkee et al. (1970). Evaluation of these yeasts 
is based on a large number of characters, the relative importance 
of which varies with wine type and region.
yeasts have also been found to be relevant to the selection of
strains for cider fermentations. Beech and Davenport (1970)
i
suggested that determination of fermentation efficiency 
(Thorne 1958), fermentation rate (Cook 1963), flocculence 
(Gilliland 1951 and Hough 1957), production of fusel oils 
(Gilliland and Harrison 1966) and strain stability (Czarnecki 
and Van Engel 1959, Richards 1967) would provide useful 
information for the determination of the suitability of strains 
of yeast for cider fermentations.
Yeast strain evaluation for distillery fermentations is 
similar to that for wine fermentations in that requirements 
vary from region to region and from spirit type to spirit type.
It is largely carried out by pilot or full scale trials 
following from laboratory trials that confirmed a satisfactory 
spirit yield (Harrison and Graham 1970).
The application of serology to brewing microbiology
The 'defection' of infecting micro-organisms
Detection of wild yeasts. The principal application i)f
serological techniques in brewing microbiology has so far been
in the detection of contaminants, particularly wild yeasts in
wort, beer and pitching yeast (Rainbow, 1970 and Hough et al. ,
1971). Until recently the problem of detecting small numbers
of wild yeast cells amongst larger numbers of culture cells
was extremely difficult even if the two types of yeast were
morphologically dissimilar. However, by using an antiserum
raised in rabbits against wild yeast and rendered specific by
absorbing it with the culture strain Richards and Ccwland (1967)
were able to detect wild yeast contaminants of pitching yeast of
6the order of one contaminant cell per 10 culture cells by direct
immunofluorescence. The technique of indirect immunofluorescenc 
was used also by Richards (1969) to examine lager yeast for the 
presence of wild yeast infection. Due to the exhibition of 
two antigenic groups within S .uvarum the technique was less 
successful than when applied to ale yeast (S .cerevisiae).
Haikara and Enari (1975) used antisera prepared against four 
species of Saccharomyces and one of Candida to examine wild 
yeast contamination of pitching yeast. Of the 60 different 
wild yeasts studied, almost half belonged to the genus 
Saccharomyces. Cowan (1971) showed that by combining indirect 
immunofluorescence with membrane filtration the technique could 
be extended to cover samples containing low total amounts of 
cells, as in filtered beers.
Detection of bacteria. Immunofluorescence techniques have also 
been employed for the detection of brewery bacteria including 
Zymomonas anaerobia and species of Lactobacillus (Wacherbauer 
and Emeiss, 1968; Dadds and Martin, 1973; Dolezil and Kirsop, 
1974). Dadds and Martin stated that the limits of detection 
of Zymomonas strains was approximately 2,500 organisms per 
millilitre, but suggested that this could be improved by 
combining immunofluorescence with a concentrating technique 
such as membrane filtration. Dolezil and Kirsop (1974) 
reported cross-reaction of their Lactobacillus antisera with 
other Gram positive bacteria and some species of yeast. A 
specific serum could however be produced by adsorption with the 
cross-reacting antigens.
Serology of brewing yeasts
Serological examination of brewing yeasts ;
Serological investigations have largely concentrated on 
antigenic analysis of the yeast cell wall. Tsuchiya et al.
(1965) investigated yeasts from a number of genera and produced 
a detailed antigenic analysis by slide agglutination tests 
using absorbed antisera which demonstrated a high degree of 
antigen-sharing between the various genera examined. A similar 
investigation of the cell wall antigens of S. cerevisiae by 
Campbell and Allan (.1964) revealed two distinct groups within 
the 19 strains examined which corresponded to the recognised 
morphological groups of this yeast, namely S. cerevisiae (rounded 
or slightly oval cells) and S .cerevisiae var ellipsoideus
i  •
(elongated cells). Absorption tests revealed three 
characteristic antigens carried by S .cerevisiae strains but only 
one carried by the var. ellipsoideus strains. S .cerevisiae 
was however sufficiently antigenically distinct for Campbell 
and Allan (1964) to propose that agglutination tests could be 
used for the differentiation from S', cerevisiae var ellipsoideus 
and perhaps for the identification of other species of 
Saccharomyces.
Agglutination tests applied to S.uvarum by Campbell and 
Brudzynski (1966) revealed two groups of strains that could not 
be differentiated by morphology or biochemistry. Campbell 
(1968) proposed the use of a serological identification scheme 
for the genus S ac charomyces by two successive agglutination 
techniques which enabled the differentiation of 17 species of 
Saccharomyces.
Kockova-Kratochilova et al.(1986a, b, 1967, 1968)
investigated the genus Saccharomyces by numerical taxonomy and
i
demonstrated that certain species recognised by Loader and 
Kreger-van Rij (1952) did not justify specific rank. Campbell 
(1971) examined 28 species of Saccharomyces to determine the 
compatibility of his serological identification system 
CCampbell, 1968) with the Lodder and Kreger-van Rij system 
and the Kockova-Kratochilova et_ al*system (1968). For accurate 
identification within limits of taxonomic validity Campbell 
found that seven separate antisera were required.
gandula et al. 0-964) studied the serology of brewing yeasts 
by agglutination and precipitation. By the use of gel difusion 
precipitation reactions a common antigen was found to be shared 
by S.uvarum/ S t cerevisiae, g, cerevisiae var ellipsoideujs and 
S.oviformis but not by S.willanus or S.ovarum. This confirms 
the findings of Campbell and Allan (1964) who found at least one 
common antigen in all the species of Saccharomyces they examined.
Serological evaluation of brewing yeasts. Serological^techniques 
have thus yielded information of considerable taxonomic 
importance but attempts to use them as supplementary methods 
for yeast evaluation have largely been unsuccessful.
Campbell (1987) in an investigation into species of the 
genus Saccharomyces did not observe any antigenic differences as 
revealed by slide agglutination between flocculent and non- 
flocculent variants of the same yeast strain. Similarly in an 
investigation of fining and flocculent yeasts Campbell et al . 
(1968) were unable to demonstrate by slide agglutination or gel 
difusion techniques any variation in antigenic pattern in
S .cerevisiae or S .uvarum which were associated with differences
in the flocculating power, fining ability or cultural history
i
of the cells.
Cowland (1968), however,, reported variations in immuno- 
fluorescent reactions which were dependent upon the age of the 
cell. Thompson and Cameron (1971) were able to distinguish 
between top and bottom cropping yeasts by immunofluorescence. 
The top cropping strains of S .cerevisiae were found, with one 
exception, to form a serologically homogenous group distinct 
from the bottom cropping strains.
Immuno-electrophoresis. In order to obtain the more detailed 
information concerning the yeast cell, more sophisticated 
methods of analysis are required. The technique of immuno- 
electrophoresis as described by Grabar and Williams (1953,
1955) can yield considerably more information than the slide 
agglutination reaction.
Biguet _et aJ., (1959a, b, 1960, 1962) have applied this 
technique to the examination of Candida, a yeast genus shown 
by Tsuchiya et al. (1965) to be related antigenically to 
Saccharomyces. Biguet et al. (1959a, b, 1960, 1962) described 
techniques of antigen extraction and antiserum production 
which enabled them to resolve up to 14 antigenic fractions in 
Candida albicans and to demonstrate the presence of group and 
specific antigens within various Candida species. Saitarelli
(1966) was able to differentiate between various strains of 
C.albicans by immuno-electrophoresis of cellular extracts and 
polysaccharide cell components. By using a variant of immuno- 
electrophoresis, termed crossed-immuno-electrophoresis,
Axelsen (1971) was able to demonstrate a total of 68 antigens 
in C .albicans following an immunisation period in excess of 
one year.
Adansonian methods in microbiology
The principle of the numerical or Adansonian method of 
classification is that all characters contributing to that 
classification are given equal weight. This method was first 
outlined by Adanson (1757), but owes its modern origin and 
application to Sneath (1957). A detailed review of the 
applications of these methods to bacterial taxonomy is outside 
the scope of this work and the reader is directed to the review 
by Sneath (1962) and that of Harvey (1973) for further 
information. It was felt worthwhile, however, to include a 
short introduction to the methods of cluster analysis and 
principal components analysis.
Cluster analysis and principal components analysis. -In cluster
analysis a number of tests are performed on, or observations
made of, the objects under examination. The degree of
similarity between these objects is then calculated by
mathematically comparing the affinities between individuals to
produce groups with differing degrees of similarity. From
these groups of differing similarity a dendogram can be 
*
constructed to show the overall association of these groups 
of individuals.
A recent development in numerical taxonomy is principal 
components analysis, in which the numerical values used for
I
cluster analysis are transformed mathematically before further 
computer analysis (Wahlstedt and Davis, 1968). A number of 
roots known as eigenvalues are extracted and associated with 
each is a column vector, known as an eigenvector. For a 
successful application of this method the first few eigenvalues 
should contain a high proportion of the total variation.
Under these conditions the two corresponding eigenvectors 
giving the best separation are known as the principal 
components and a two dimensional map depicting relationships 
of the various objects may be drawn. For further details of 
the two techniques, the accounts of Blacksmith and Reyment (1971) 
and Sneath and Sokal (1973) should be consulted.
o- *
Scope and emphasis of the present work
It seemed clear from the literature studies summarised 
above that information on the antigenic structure of brewing 
yeasts was far from complete and that much more data was 
necessary. In particular, it seemed unfortunate that serological 
studies on brewing yeasts had heretofore relied heavily on 
agglutination reactions and that the highly informative method 
of immuno-electrophoresis (used with great effect by Biguet et; al. 
1959a, b, 1960, 1962' in antigenic studies on Candida species) 
had not so far been employed on Saccharomyces cerevisiae. It was 
therefore decided that a major part of the present work would be 
the development of suitable immuno-electrophoresis techniques 
and their application for the following purposes:
1. To provide fuller information concerning the 
antigenic structure of S .cerevisiae.
t
2. To investigate what variation, if any, in antigenic 
patterns occurred between different strains of
S.cerevisiae with particular reference to strains 
employed in brewing. .
3. To determine whether the presence or absence of any 
particular antigens or groups or patterns of antigens 
could be associated with fermentation characteristics 
or with any intrinsic characteristics, in the hope 
that serological study might prove a useful adjunct
or improvement to existing methods of characterisation.
«
4. To discover whether there was any variation in 
antigenic properties of a given strain of brewing 
yeast which was associated with such factors as 
wort composition, concentration, pH, degree of 
oxygenation and stage of fermentation.
5. To investigate whether serological studies could be 
employed to detect whether mutation was occurring 
in a brewing yeast and whether these are replacing 
the parent strain.
At an early stage It became apparent that mutation of
brewing yeasts during usage was a nroblem of considerable
i
practical importance and that attention was currently focussed 
on mutation to the ED (respiratory deficient) form and its 
selective growth in the brewery situation (GyHang and 
Martinsson (1S71) had described a spontaneous mutation to a 
more sedimentary form which appeared to be respiratory 
deficient). ED forms of S ,cerevisiae proved to be readily 
detectable in the brewery when the present work was carried 
out and it was therefore considered profitable to examine 
the incidence and induction of this particular form of 
mutation in considerable detail, quite apart from the 
serological studies. These investigations comprise the 
second major part of the work presented here, and the 
following introductory section presents the background'to 
this, second, part of the study.
Respiratory Deficiency in Yeasts
frequency of mutation
Yeasts, especially S/cerevisiae, possess both respiratory 
and fermentative energy generating mechanisms. RD yeasts are 
those that have lost their respiratory mechanisms and must 
rely for energy on fermentative mechanisms.
These mutations, which result in defects in the aerobic
metabolism, are the most frequently occurring yeast mutations.
The normal frequency of mutation to the ED form in S.cerevisiae
2is of the order of 1 in 10 cells (Akiyama and Furukawa 1963b). 
Mutation frequencies to other forms of mutant are considerably 
lower, of the order of 1 mutant per 10 cells. The observations 
of Thorne C1968, 1970) of high levels of mutation in continuous 
fermentations were not a result of high levels of mutation, but, 
rather of accumulation of mutant forms brought about by the 
cultural, conditions,
Some yeasts do, however, appear to be particularly 
susceptible to RP mutation, Ephrussi and Hottinger (1951) 
and Sherwood and Hines C1959) described strains of distillery 
yeast that contained 50% and 20% respectively of RD mutants.
Induction of ED mutants
Chemical mutagens, RD mutants may also be induced artificially 
be the application of chemical mutagens. Stier ana Castor 
C1941) reported the first usage of a specific chemical 
mutagen, cyanide and Whelton and Phaff (1947) demonstrated that 
ethylene oxide was also an efficient mutagen.
The most effective agent for the induction of RD mutants 
has been found to be acriflavine, first describ,ed in a series 
of papers entitled "Action de 1’acriflavine sur les levures" 
(Ephrussi et al., 1949a, b and c, Tavlitzki, 1949, Slonimski,
1949 and Slonimski and Ephrussi, 1949). Acriflavine has been 
extensively employed for the induction of RD mutants and this 
application has been recently reviewed by Hearder (1972).
Nagai et al. (1961) described a number of efficient chemical 
inducers of RD mutation, including acriflavine, copper sulphate, 
manganese chlorate and tetrazolium chloride. Various ayes, 
including the basic xanthene and triphenyl methane dyes, have 
also been reported by Nagai C1959, 1963, 1965a, b) as being 
highly mutagenic.
The induction of mutation by allyl glycine and its 
reversal by sulphur amino acids was described by Sarachek and 
Fowler (1959), whilst Trenina et al. (1965) successfully employed 
typoflavine as an inducer of RD mutation.
General mutagens such as nitrous acid and nitroso-guanidine 
also induce RD mutation. Protocols for the use of these and 
other mutagens have been proposed by Lindegren et_ al. (1965), 
Loprieno and Clarke CL965), Guglielminetti et al. (1967) and 
Nasim and Auerbach (1967). The use of chemical mutagens has 
recently been reviewed by Mortimer and Hawthorne (1970).
Ultra-violet irradiation. Irradiation with ultra-violet light 
can also be employed to produce RD mutants: Raqlt and Simpson
(1955) and Wilkie (1963) used mono-chromatic UV light at the 
wavelength of maximum DNA•absorption to produce mutants and 
were thus able to implicate nucleic acids as the target.
Types of RD mutants
RD mutation in S .cerevisiae may be of two types, resulting
from either a nuclear gene mutation or the loss of a cytoplasmic
factor (p,). In all cytoplasmic mutants, the mutation is
irreversible, there is a loss of mitochondrial enzymes
(principally cytochrome C oxidase and cytochromes a, a& and b)
and the mode of inheritance is non^-mendelian (Mortimer and
*
Hawthorne, 1970), The chromosomal or nuclear mutants have 
been further subdivided into two groups of single gene mutants 
CSherman, 1967), those designated p, unable to grow on 
non-fermentable substrates such as ethanol, lactate, glycerol 
and acetate but which may or may not have altered cytochrome 
spectra and those designated cy which have altered cytochrome 
spectra but which can utilise non-fermentable carbon substrates 
for growth..
In any procedure to produce mutants the greatest proportion 
produced has been p” mutants; chromosomal mutants have been 
isolated from mutagen treated hapioid cultures by the use of 
scanning techniques. These techniques have been defined by 
Sherman (1967) as, the failure to grow on non-fermentable 
substrates, the presence or absence of an altered cytochrome 
spectrum and a negative benzidene reaction due to decreased 
cytochrome content and are always used in conjunction with one 
another.
mutants, in greater detail than has been possible in this
survey, has been published by Mortimer and Hawthorne (1970).
i
Detection of RD mutants
RD mutants of yeast have been detected mainly by the 
use of cultural techniques. Ogur and St. John (1956) proposed 
the use of a medium containing a non-fermentable substrate 
such as lactate. Duplicate cultures were made onto this 
medium and a similar one containing dextrose as the carbohydrate. 
Colonies that developed on the dextrose medium but not on. the 
lactate were considered to be RD. Ogur et al. (1957) introduced 
an alternative procedure for the detection of RD yeasts. After 
cultivation on a dextrose-containing medium the colonies were 
overlaid with agar containing triphenyl tetrazolium chloride 
(TTC) which after incubation produced a clear colour difference 
between mutant (white) colonies and normal, (red) colonies.
A later modification was suggested by Ephrussi and Grandchamp 
(1965) who incorporated 0.1% dextrose into the overlay agar.
This addition was made in order to provide a finer distinction 
of the degree of respiratory deficiency,
Czarnecki and van Engel (1959) emplos^ed a medium containing 
bromo cresol green (BCG) for the determination of the percentage 
RD yeast content of yeast mixtures. On this medium RD colonies 
were dark green with a pale margin whereas the normal colonies • 
appeared yellow to pale green. Silhankova et al. (1970a and b), 
however, found that when investigating RD mutants of bottom yeast, 
results from the BCG medium of Czarnecki and van Engel (1959) 
were less reliable than those produced by the overlay method of 
Ogur et al. (1957).
Kleyn and Vaeano (1963) incorporated TTC directly into the
growth medium (wort agar) at 0.. 5% in studies on yeast strains,
i
whilst Nagai (1963, 1965) used a variety of dyes including 
Magdala red and eosin plus trypan blue and sodium tellurite in 
defined media to differentiate between normal and mutant: strains 
of yeast in an attempt to simplify the detection of mutants.
RD mutants in Industrial fermentations
RD mutants can be expected in all industrial yeast
fermentations, although the actual number varies depending upon
the process and yeast strain, Akiyama and Furukawa (1963a, b)
investigated levels of RD yeasts in strains of S.cerevisiae 
/
used in Sake production and found levels of 1-2%, Beech and 
Davenport (1970) commented upon ED mutants in cider fermentation 
as an undesirable mutant whose presence indicated instability 
of the culture yeast. RD mutants of distillery yeast were 
described by Ephrussi and Hottfnger (1951) and Sherwood and 
Hines (1959),
RD mutants in brewers yeast, RD mutants of brewers yeast 
were implicated by Czarnecki and van Engel (1959) as one of the 
causes of beers with increased diacetyl levels and they 
recommended population studies of brewers yeast to determine 
whether an increase in the levels of these mutants was occurring.
Windisch (1958), Schwabe (1959) and Kleyn and Vacano (1963) 
have all investigated the effect of RD mutants in brewery yeast. 
In addition to increased levels of diacetyl, the strains of 
RD mutants were unsuitable for brewing in that they tended to 
possess lower fermentation rates and to produce beers that were 
incompletely attenuated.
Silhankova^ e_t al. C1970a) examined the types and frequencies 
of RD mutants in bottom fermentation lager yeasts and reported 
a mutation frequency of 1.1-1.4%. The beer produced by these 
mutants had higher nitrogen and anthocyanogen contents and 
lower contents of higher aliphatic alcohols and most free amino 
acids. In all cases the growth rates of the mutants were lower 
than that of the parent strain and with one exception the 
resulting beers were inferior (Silhankova et al. 1970b).
Cowan et al. C1975) successfully used RD mutant strains isolated 
from bottom fermenting ale yeast to produce acceptable beers in 
pilot scale operations.
Influence of formaldehyde on the induction of RD mutants 
Formaldehyde in brewing. Formaldehyde has been extensively 
recommended as a processing additive with the power to lower 
the eventual production of non-biological haze in beer 
(Grimm and Baker, 1959, Macey et al., 1966, Stowell, 1970 and 
Macey, 1970). The mechanism of action of the formaldehyde 
is believed to be that it reacts with proteinaceous materials 
and polyphenols of the mash to produce a precipitate.- The 
removal of this precipitate during wort filtration produces 
worts of.reduced anthocyanogen levels and therefore of reduced 
potential haze producing capacity (Macey et al. 1966). Resulting 
worts contained reduced levels of soluble nitrogen and low levels 
of free formaldehyde residues (Macey et al. 1966). Macey (1970) 
reported that of the initial formaldehyde addition, 25% was 
retained in the wort after processing but only 2% was present 
as free formaldehyde.
Formaldehyde is, however, a powerful antiseptic agent 
and has been described by Kaplan (1962) as a weak mutagen, 
although later evidence implicated formic acid contamination 
as the mutagen (Stumm-Tagethoff, 1964). Hsu et al. (1971), 
however, reported that residual amounts of formaldehyde 
in wort could induce RD mutation in yeast, and that this mutagenic 
activity was associated with the bound rather than the free 
formaldehyde.
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MATERIALS AND METHODS
SECTION I ;
Source and maintenance of cultures
Yeast strains were obtained from the National Collection 
of Yeast Cultures (N.C.Y.C.) or from the stock culture 
collection held at the brewery. The four strains from the 
brewery culture stock were as follows:
AYA. A bottom fermenting, non-head forming strain of ale 
yeast S.cerevisiae which was used in production pilot and 
laboratory investigations.
AYB. A head forming strain of S .cerevisiae, obtained originally 
from another brewery and used in laboratory investigations.
LYA and LYB. Strains of lager yeast S .uvarum used in 
laboratory investigations.
All strains were maintained by storage on slopes of DYA 
CDextfbse yeast agar) at 4°C and sub-cultured at two monthly 
intervals. DYA was prepared according to the following recipe: 
Dextjjose peptone agar (Oxoid, CM13) 50g
Yeast extract (Oxoid, L 20) 10g
Distilled water to 1 Litre
pH adjusted to 7.2
All media components were dissolved in hot distilled water 
and the pH adjusted to 7.2, 10ml volumes were distributed in 
McCartney bottles which were sealed and autoclaved at 121°C 
for 15 mins.
Unless otherwise stated yeast nomenclature is based on 
that used by J. Lodder in "The yeasts, a Taxonomic Study" 1970.
Preliminary experiments
i
Extensive preliminary experiments were performed to 
determine the optimum conditions for the extraction of antigens 
from strain AYA, the production of antiserum in rabbits and 
for immuno-electrophoresis.
Extraction of antigens. The effect of different extraction 
procedures on the liberation of soluble antigens from strain 
AYA was examined. These procedures were as follows:
i) Cell disruption by Mickle Shaker
ii) Cell disruption by Vibro-mill
iii) Grinding of a cell paste with alumina (Sigma)
iv) Grinding of dried cells with Balldtini followed by 
extraction with ethyl acetate.
Of these four procedures, method iv) gave the best results 
and was as follows.
Yeast was harvested by centrifugation from a fermentation 
and wasted twice with distilled water by centrifugation. The 
cells were then re-suspended in a small volume of distilled 
water and lyophilised using a Chemlab (S.B.4) freeze dryer.
2.5g of dried yeast was then mixed with an equal weight of 
Ball&tini beads (1.25g of no.12 and i.25g of no.18) and ground 
in a pestle and mortar. Extraction of the antigens was performed 
r by treating the ground yeast with 25ml of 0.5% v/v ethyl acetate 
solution for 16 hours on a rotating shaker at 25°C. The soluble 
antigens were separated from the glass beads and cell debri by 
centrifugation at 3,000 r.p.m. for 15 minutes and formaldehyde 
added to the separated antigen extract to yield a formaldehyde 
concentration of 0.25% w/v. Antigen extracts so prepared were 
found to be stable for 24 hours at 4°C or for 5 days at -18°C.
Preparation of antiserum. The optimum method for the production 
of antibodies against yeast antigens in rabbits was determined 
using the following immunisation schedules 1
i) Intravenous injection as described by Porter (1955)
ii) Intravenous injection of 0.25 ml formalised antigen 
twice weekly for three weeks, followed after a pause 
of three weeks by continuing twice weekly injections 
of 0.5 ml of formalised antigen.
iii) Intra-dermal injection of 10 x 0.1 ml of formalised 
antigen in Freund's incomplete adjuvant (Difco 
0639-60-6), followed after three weeks by twice 
weekly intravenous injections of 0.5 ml of formalised 
antigen.
iv) as iii) but initial injections in freund’s complete 
adjuvant (Difco 0638-60-7).
v) Intra-dermal injection as in iii) but followed after 
a pause of three weeks by twice weekly intra-dermal 
injections CO-2 ml) of the same adjuvated antigen.
Blood samples CIO ml) were taken at three weekly”intervals 
by bleeding from a surface vein on the ear, allowed to clot at 
room temperature for two hours, shaken to dislodge the clot 
and stored for not more than 16 hours at 4°C. The supernatant 
serum was then removed, clarified by centrifugation at 3000 rpm 
for 15 minutes, preserved by the addition of phenol-saline to 
0.5% w/v and stored at 4°C.
When analysis by immuno-electrophoresis showed the maximum 
development of precipitating antibody, the animals were 
anaesthetised and bled out by heart puncture.
as mexnoa v/ proaucea m e  oesi results unis was useu xur 
the preparation of all subsequent antisera.
i
Immuno-electrophoresis. Variations in the buffer pH (from 
pH 4.0 to 9.0), the buffer ionicity (I = 0.025 to I = 0.1), the 
buffer anions, the duration of the electrophoresis (45 to 
120 minutes), to the voltage applied (75v to 200v meter reading) 
and in the strength (0.8% w/v to 1.5% w/v) and nature of the 
gel (agarose or agar) were made to determine the optimum 
conditions of immuno-electrophoresis of yeast antigens.
The optimum conditions were found to be electrophoresis
usfng pH 7.6 I =0.05 phosphate buffer, a purified agar
concentration (Difco, 0560-02-0) of 1.0% w/v in half strength
buffer and a run duration of 70 minutes at 150v meter reading.
*
Electrophoresis was carried out using a Shandon (Southern) 
Ltd. U77 electrophoresis apparatus incorporating a Vokam 
stabilized power supply and cooled platen, upon which rested 
a slide carrier containing up to 8, 3" x 1" glass microscope 
slides.
Microscope slides for electrophoresis were cleaned by 
washing in alcohol, dried and coated with a thin layer of 
0.2% w/v purified agar (Difco 0560-02-0) which was then dried 
onto the slides by heating at 95°C for 45 minutes.
Melted agar in buffer was then spread over the slides 
using a gel spreader and allowed to set. After setting a 
pattern cutter (Shandon Scientific Co., SAE 2580) was used to 
cut two antigen wells with a central antiserum trough and the 
agar removed from the antigen wells.
The appropriate antigen was then added, the wells sealed with
a drop of molten agar and the electrophoresis carried out
i
immediately on the cooled platen to minimise gel heating.
Following electrophoresis the antiserum trough was removed 
and antiserum pipetted in before storage at 4°C in a humidity 
cabinet for a minimum of four days to allow maximum development 
of antigen-antibody precipitation.
Determination of factors affecting antigenic pattern in strain AYA
Fermentation temperature. Hopped wort (SG 1.037) was dispensed 
in 750 ml volumes into litre glass bottles and sterilised by 
autoclaving at 10 p.s.i. for 20 minutes. Four sequential 
fermentations of strain AYA were carried out at fermentation 
temperatures of 11°C, 25°C, 37°C and 42°C. Surplus yeast from 
each fermentation was washed twice by centrifugation and then 
freeze dried for antigen analysis by immuno-electrophoresis.
¥oft oxygenation. Two laboratory cylindro-conical fermentation
vessels were filled with 10 litre volumes of sterile hopped
wort at 18°C and the dissolved oxygen level adjusted to
6.5 ppm.- They were then inoculated with strain AYA to give an
6initial cell count of 10 x 10 cells/ml and a free rise of 
temperature allowed to 23°C at which temperature the fermentations 
were maintained.
Sterile air was sparged into the base of one fermenter 
at the rate of 0.5 vvm after filtration through at 0 . 4 5 ^  pore 
size Milli pore membrane filter (HAWG 04700).
When the fermentation was complete, the vessels were
cooled to 4°C and the yeast drawn off, washed twice by
i
centrifugation and the antigens extracted and analysed as 
previously described.
Fermentation medium. The effect of fermentation medium on 
the development of the antigenic pattern was determined using 
a complex medium (hopped wort), a semi-synthetic medium 
CSabouraud maltose broth plus glucose) and a synthetic medium 
CYeast nitrogen base plus maltose).
Hopped wort SG 1.037 was sterilised by autoclaving a 
1 litre volume at 10 p.s.i. for 20 minutes, the other media 
were prepared as follows:
Gabouraud maltose broth plus glucose:
Neopeptone (Difco 0119-01-7) 10 g
Maltose (Difco 0168-17-9) .40 g
Dextrose (Difco 0155-17-4) 20 g
Distilled water to 1 litre
Autoclaved at 10 p.s.i. for 20 minutes 
Yeast nitrogen base plus glucose:
Yeast nitrogen base (Difco 0392-15-9) 6.7 g
Dextrose (Difco 0155-17-4) 60 g
Distilled water to 1 litre
Autoclaved at 10 p.s.i. for 20 minutes
One litre volumes of the above media were inoculated 
with, strain AYA, fermented for 72 hours at 25°C and the 
resulting yeast harvested by centrifugation, the antigens 
extracted and analysed as previously described.
Stage of fermentation. A laboratory cylindro-conical 10 L 
fermentation vessel containing hopped wort SG 1.037 and at a
O  itemperature of 18 C and a dissolved oxygen level of 6.5 ppm
was inoculated with strain AYA to give a cell count of 
610 x 10 cells/ml. After a free rise in temperature the 
fermentation was controlled at 23°C. Aliquots were withdrawn 
after 0, 4, 8, 15, 24 and 36 hours of fermentation, the yeast 
separated by centrifugation and the antigens determined by 
the standard method. The fall in specific gravity, the 
change in yeast concentration and the time at which flocculation 
occurred were also monitored (the time of onset of flocculation 
was taken to be when visible clumping of yeast cells could be 
seen under the microscope).
Immunological assessment of yeast strains
Cross-reactions of yeasts with strain AYA 
Strains of yeast other than Saccharomyces. The numbei: of 
common antigens shared by 16 non-Saccharomyces yeast strains 
and strain AYA was determined by immuno-electrophoresis of 
the antigen of the 16 yeasts against the anti-serum from strain 
AYA. The strains used were as follows:
Bre11anomyces clausenii NCYC 2
BY anomalus NCYC 449
Candida albicans NCYC 579
C. pseudotropicalis NCYC 6
Debaromyces hansenii NCYC 9
Kluyveromyces fragilis NCYC 100, 170, 587
K. factis NCYC 570, 571
Hansenula anomala NCYC 18
Pichia membranifaciens 
Rhodotorufa glutinis 
Rh. rubra 
Torulopsis anomafa 
T. sphaerica
The yeast antigens were prepared from yeast which had 
been cultured for 72 hours at 25°C in Sabouraud. maltose broth 
plus 2% w/v dextrose. Prior to inoculation the sterile media 
were oxygenated with sterile oxygen for five minutes at 2 litres 
per minute through a porosity 3 sterile gas sparger.
Saccharomyces strains other than ale yeasts. The following 
strains were used to determine cross-reactions between strain 
AYA and non-ale strains of Saccharomyces:
S.carlsbergensis Oivarum) LYA, LYB
S.cerevisiae (Sherry flor) NCYC 429
S.cerevisiae (wine yeast) NCYC 430
S .cerevisiae Q3ake yeast) NCYC 478, 479
S.cerevisiae var ellipsoideus NCYC 98, 506
S.chevalieri NCYC 91
S.delbruekii NCYC 147
S .diastaticus NCYC 361
Cultural conditions and all other experimental conditions 
were as in the previous experiment.
NCYC 21 
NCYC 60
i
NCYC 67 
NCYC 414 
NCYC 156
Principal components analysis. 'This method was used to classify
250 strains of ale brewing yeast (S .cerevisiae) in order that
i
a representative sample could be taken for antigenic analysis. 
The yeast strains were characterised by Walkey and Kirsop 
C1969) by a five point test, the result of each test being 
expressed on a numerical scale of 1 to 5. These values were 
used to code for each strain and a principal components 
analysis performed using the programme of Wahlstedt and Davis 
C1968) and the average values of the resulting groups 
calculated. Yeast strains corresponding to these values were 
then chosen for antigenic analysis, initially using antiserum 
against strain AYA and then by additional antisera.
Preparation of additional antisera. Separate antisera against 
the yeast strains N.C.Y.C. 1019, 1042, 1085 and 1092 were 
prepared by the method used for strain AYA.
Determination of cross-reaction. Into 1 litre volumes of 
hopped wort SG 1.037°, temperature 18°C and dissolved oxygen
6.5 ppm were inoculated the yeast strains to be examined.
After 48 hours fermentation the j^east was harvested by 
centrifugation and the antigens extracted by the standard 
method. Immuno-electrophoresis of each antigen was then 
performed and the reaction with each of the five antisera 
determined. .
Determination of cross-reactions by absorption. As the antigens 
produced for immuno-electrophoretic analysis were soluble it 
was felt that immobilisation of the antigens was necessary in 
order to obtain satisfactory separation of antigen-antibody
complexes from unreacted antibody. Several methods of antigen 
immobilisation were evaluated and the following chosen.
Immobilisation on activated sepharose. CNBr activated 
sepharose (JPha.rma.cisL No. 74301) was washed and pre-swollen 
according to the manufacturers instructions. To 2.5 ml of 
the antigen to be immobilised was added 0.65 ml of pH 8.0 
0.5 M borate buffer in 2.5 M sodium chloride solution and 
this then mixed with 2.5 g of washed activated sepharose.
The mixture was shaken at 25°C on an end over shaker for 
2 hours and then centrifuged at 4°C for 15 minutes at 3000 rpm 
to separate the gel and antigen fractions. The treated antigen 
was kept for determination of residual antigenic activity by 
immuno-electrophoresis against the homologous antiserum. The 
coated gel was washed in 0.1 M pH 8.0 borate buffer containing 
0.5 M sodium chloride and then stored for 2 hours in 0.1 M 
pEL 8.0 Tris buffer in 0.5 M sodium chloride. Following this, 
the gel was washed four times in alternate acetate (0.5 M 
pH. 4.0) and borate C0.5 M pH 8.0) buffers containing 0.5 M 
sodium chloride. After washing the gel was divided into 
0.5 g aliquots, antiserum CO.75 ml) added and the gel plus 
antiserum incubated in a shaking waterbath for one hour at 
37°C. After incubation the gel and absorbed antiserum were 
separated by centrifugation and the antiserum kept for analysis
Using a similar procedure, bovine serum-albumin was also 
immobilised and used as an absorbent as a control against 
non-specific absorption of antiserum by the protein-gel complex
Absorbed antisera were tested for cross-reaction with the 
absorbing antigen by immuno-electrophoresis and any sera with 
extensive cross-reaction were re-absorbed. The absorbed antisera 
were then tested against the homologous antigen to determine 
which antigens were common (they would be absent) and which were 
specific for the homologous antigen.
Principal components analysis. The examination of the serological 
data from the five antisera by principal components analysis 
was performed using the same programme as that used for the 
initial classification of yeast strains (Wahlstedt and Davis, 
1968). This procedure produces three different compilations 
of results, known as Transformed Distance, Co-variance and 
Correlation matrices. The programme also prints principal 
components maps from two eigenvectors, thus producing three 
maps for each matrix and the user by inspection chooses the 
map giving the best results.
Cluster analysis♦ Analysis of the serological data by this 
method was carried out according to the Clustan 1A programme 
of Trasi (.1975). This method calculates seven separate sets of 
similarity values and then from each of these draws a dendogram. 
The user then by inspection chooses the dendogram or dendograms 
which give the best result. The methods of analysis used were 
as follows: Ward's methods, nearest neighbour, furthest
neighbour, Lance Williams J3, group average, centroid and 
McQuitty’s similarity analysis.
Production of mutant yeast variants
Non-flocculent variants. A non-flocculent variant of strain 
AYA was isolated from a production scale fermentation by the 
following method. A slurry of yeast (500 ml) was suspended 
in 5 litres of 0.1% w/v CaClg solution which had been sterilised 
by autoclaving at 15 p.s.i. for 30 minutes. After suspension 
the yeast was allowed to settle for 30 minutes and the 
supernatant liquid decanted off. Yeast which had not 
sedimented from the supernatant liquid was then removed by 
centrifugation at 3000 rpm for 15 minutes. The separated 
yeast was re-suspended in 500 ml of sterile 0.1% w/v CaClg 
and allowed to settle as before. The yeast which did not 
settle out was separated by centrifugation and re-suspended 
in 50 ml of sterile 0.1% w/v CaCl^ and allowed to sediment for 
one hour. A sample of the final supernatant liquid wag then 
diluted and plated onto DYA to give approximately 50 colonies 
per plate. After incubation for 48 hours at 25°C the individual 
colonies were subcultured into 10 ml of hopped wort SG 1.037 
previously sterilised by autoclaving at 10 p.s.i. for 20 minutes 
and incubated at 25°C for 48 hours. Each isolate was tested 
for the ability to flocculate by the method of Mill (1964) 
and a non-flocculent isolate cultured and the antigens extracted 
for immuno-electrophoresis as previously described.
Non-head forming variant. A non-head forming variant of 
strain AYB was obtained from the brewery culture collection and 
checked as to the production of yeast head by fermentation 
of 1 litre of sterile hopped, wort SG 1.037. Antigens were 
prepared and analysed as previously described.
Petite mutant of strain AYA. A respiratory deficient (petite) 
mutant of strain AYA (R.D.A.) was isolated from,a production 
scale fermentation. The antigens from this strain were 
prepared and analysed as previously described.
Composition of antigen material extracted from yeasts 
Specific staining
Standard immuno-electrophoretic patterns of yeast strain 
AYA were prepared using antigen produced by the standard method 
and with a pooled antiserum against this strain. After 
pattern development at 4°C the slides were washed by immersion 
in electrophoresis buffer containing 0.85% w/v sodium chloride 
for 24 hours. After washing the slides were drained and the 
antiserum troughs filled with melted 0.5% w/v purified agar 
as used for electrophoresis to prevent gel shrinkage on drying. 
Each slide was then covered with damp filter paper and 
incubated at 37°C until dry and the dried gels stained.
Protein stain. The slides to be stained were immersed in the 
stain for 2 hours and then washed in de-staining solution to 
clear the background. Both the staining solution which was 
the Coomassie brilliant blue stain and the de-staining solution 
were as described by Axelsen 0-971).
Glycoprotein stain. The glycoprotein staining method used 
was the periodic acid-Nadi stain as described by Uriel (1958).
Lipoprotein. Presence of lipoproteins in the antigen material 
was determined using the Oil Red 0 staining method of Uriel and 
Scheidegger 0965) .
Nucleic acid. These were stained using the method described
by Uriel and Avrameas (1961) which utilises the Feulgen-
i
Formazan reaction.
Location of yeast antigen material. Antigen material extracted 
from strain AYA was assayed for the presence of marker 
substances that would indicate whether or not the antigen 
material was composed of cell wall derived or cell sap derived 
material or both. The marker substances for cell wall derived 
materials were the enzymes invertase, acid and alkaline 
phosphatase, whilst those for yeast cell sap were hexokinase 
and yeast R.N.A,
Protein content. This was assayed using the micro-biuret 
method of Goa 0953).
Hexokinase activity. The presence of this enzyme was 
determined using the assay method of McDonald (1955) for crude 
yeast extracts.
Invertase. The level of invertase in the antigen material was 
measured by following the hydrolysis of sucrose to yield 
glucose at pH 4.75 (Gascon and Lampen, 1968). Glucose released 
was determined using the glucose oxidase/peroxidase system 
CSigma Chemical Co. No. 510-A).
Acid and Alkaline phosphatase. The presence and activity of 
these enzymes was determined using specific reagent kits for 
acid and alkaline phosphatase (Sigma Chemical Co. Ltd.
No. 104-L3S and 104-AS respectively).
RNA concentration. The RNA concentration in the antigen 
material was determined using the orcinol reagent of 
Herbert et al. (1971).
Ammonium sulphate fractionation of antigen. Soluble antigens
from yeast strain AYA were prepared as previously described.
To 40 ml of antigen solution at 4°C was added ammonium sulphate
C2.875 g) and the solution stirred for 10 minutes on a magnetic 
ostirrer at 4 C. The resulting precipitate was separated by 
centrifugation at 3000 rpm for 15 minutes at 4°C. The 
supernatant was decanted and to it a further 3.0 g of ammonium 
sulphate added and the stirring and centrifugal separation of 
the precipitate repeated. The process was continued to give 
fractions that precipitated with the progressive addition of 
ammonium sulphate to give 20%, 40%, 60% and 80% saturation.
The precipitates and final residue were then dialysed for 
24 hours against three changes of distilled water at 4°C and 
then used as antigens for immuno-electrophoresis.
Respiratory Deficient Mutants 
Preparation of mashes and worts
Production and Pilot scale. Production and pil'ot scale mashes 
were carried out using the infusion mashing system with a 
programmed temperature rise to a maximum of 75°C. After 
separation of the wort from the grains, hopping was carried 
out in the normal manner by boiling the wort with hops and 
extra sugar for 90 minutes.
Laboratory mashes. Laboratory mashes were prepared in a
miniature mashing apparatus capable of producing 2 litres of
wort by the same process as the production and pilot scale
mashes. The unhopped wort from the miniature mashing apparatus
was hopped by the addition of hops and extra sugar followed by
boiling under reflux for 90 minutes. The boiled, hopped worts*
from the laboratory mashes were cooled, filtered, autoclaved 
in 200 ml volumes for 10 minutes at 10 p.s.i. and stored at 
4°C until required.
Additions to mashes and worts
The rate of addition of formaldehyde recommended by 
Macey et al. 0966) to provide satisfactory control of haze 
production' was 100-200 ppm based on the dry weight of materials 
used. Practical brewing experience had indicated that additions 
of 100 or 150 ppm gave the requisite control over haze 
production, and these were the addition rates used for 
production, pilot and laboratory scale mashes.
Formaldehyde C5 or 10 ppm) or acetaldehyde (5 or 10 ppm)
additions were made to hopped wort immediately before
i
fermentation with yeast strains AYA, AYB and LYA.
Determination of free formaldehyde
Levels of free formaldehyde in worts from production, 
pilot and laboratory scale mashes were determined by the 
distillation method of Macey et al. (1966) using the 
chromotropic acid - sulphuric acid reagent.
Fermentations
Pilot C20 hi) and production (.800 hi) scale fermentations 
were carried out in cylindro-conical vessels. These vessels 
are cylinders containing at their base a sharply angled cone. 
Three cooling jackets surround the fermentation vessel, one 
at the cone and two on the main body of the fermenter. Cooling 
by means of these jackets occurs during fermentation, at the 
end of fermentation the cooling is increased and the 
flocculating yeast falls into the cone from whence it is 
harvested for the next fermentation. Production and pilot 
scale fermentations are inoculated at 18°C and a free rise in 
temperature allowed until 23°C is reached, and maintained at 
this temperature by use of the cooling jackets.
A diagram of a cylindro-conical vessel is presented in 
figure 1.
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Laboratory fermentations were carried out at 23°C using 
200 ml volumes of autoclaved, hopped wort. ,
Detection and enumeration of respiratory deficient mutants
Respiratory deficient mutants were detected by the 
triphenyl tetrazolium chloride CTTC) overlay method of Ogur 
et al. (1957). Samples of yeast were diluted in 0.85% w/v 
sterile saline solution to give approximately 1000 cells/ml.
0.1 ml aliquots were then spread over three petri dishes, each 
containing 15 ml of DYA. After incubation for 48 hours at 25°C 
the plates were overlaid with 1.0% w/v ion agar solution 
containing 1 mg/ml TTC. After incubation at 25°C the mutant 
(white) colonies could be easily discerned amongst the parent 
Cred) colonies.
White (mutant) colonies were sub-cultured onto DYA 
followed by repeated streaking onto the same medium until 
shown to be pure by TTC overlay.
Characterisation of RD mutants
A series of tests was.used to characterise RD mutants 
of the ale yeast AYA isolated from production and laboratory 
fermentations. Intrinsic methods of characterisation such 
as growth rate, flocculation and sedimentation and production 
of secondary fermentation metabolites were used in conjunction 
with a fermentation method of characterisation.
Growth rates. The method of Thorne (1967) was used to determine 
the growth rates of the various yeast strains using dexl^ose 
yeast broth (DYB) as the growth medium. Triplicate 
determinations were carried out for each strain using 25 ml 
volumes of DYB in 100 ml Erlenmeyer flasks in a shaken water 
bath (75 rpm) at 25°C.
Flocculation and sedimentation. This was determined by a 
modification of the method of Woof (1962) after fermentation of 
hopped wort original specific gravity 1.037. Samples of 
fermented wort plus yeast were cooled to 4°C and held for 
2 hours before transfer to a 150 ml test tube. The yeast was f
redispersed and samples removed hourly from 2 cm below the 
liquid surface and the yeast count determined. Values of yeast 
count against time were then plotted and values of terfhinal 
time and terminal count derived as described by Woof (1962).
Greenshields et al. (1974) had derived an expression for 
the flocculent-sedimentary character of a yeast strain which
could Be related to single constant, known as Ksed. Using the
values determined in the Woof procedure then Ksed could be 
calculated from the following expression:
Ksed = (Co - TC) /
£ tt \ /
1 '/ Co
where Co is the cell count at time t = 0, TC is the Terminal
count and TT is the Terminal Time.
Fermentation behaviour. Fermentation behaviour was determined
in 2 litre volumes of sterile hopped wort SG 1.037 in Dewar
flasks. The dissolved oxygen content of the wort was measured
prior to inoculation by a Yellow Springs oxygen meter and
adjusted to 6.0 ppm by air sparging. Yeast was added to give
6an initial cell count of 10 x 10 cells/ml and the fermentation 
time was taken to be the time required to reach a specific 
gravity of 1.009.
Secondary metabolite production. The production of secondary 
fermentation metabolites was determined for some strains of 
RD mutants by fermentation of 10 litre volumes of hopped wort, 
original SG ,1.037 in model cylindro-conical fermentation 
vessels. After fermentation the beers were filtered and the 
bitterness adjusted by the addition of isomerised hop extract 
to 29° EBU (^European Bitterness units) before storage at 4°C 
under COg top pressure. After three days storage the beers 
were tasted and analysed for levels of fusel alcohols and 
diacetyl by gas-liquid chromatography.
investigation of mutagenic reaction product
Mutant production in artificial media. The production of RD 
mutants of strain AYA in an artificial medium was determined 
by sequential fermentation in Difco yeast nitrogen base 
supplemented with 1.0% dextose. This artificial medium contains 
no organic nitrogen source and therefore could provide no 
proteinaceous material for reaction with formaldehyde and the 
consequent production of a mutagenic reaction product. 
Formaldehyde was added at 0, 5 and 10 ppm before fermentation 
and levels of RD mutants determined after each fermentation 
as previously described.
The supplemented yeast nitrogen base was made up as 
follows:
i
Yeast nitrogen base ODifco 0392-15-9) 6.7 g
Dexpose CDifco 0155-15-6) 10 g
Distilled water to 1 litre
The media components were dissolved in distilled water, 
dispersed in 200 ml volumes and autoclaved at 10 p.s.i. for 
10 minutes before storage at 4°C until required.
Direct addition of formaldehyde to yeast. A suspension of yeast 
strain AYA from a 24 hour culture in DYB was made in 0.85% 
sterile saline and the yeast washed twice by centrifugation. 
After washing the yeast concentration was adjusted to
7
1 x 10 cells/ml and formaldehyde added to give final* 
concentrations of 0, 5 and 10 ppm. Samples were withdrawn 
at intervals, diluted and content of respiratory deficient 
mutants determined.
Hea't stability of the mutagens. This was determined using 
hopped wort SG 1.037 prepared in the laboratory mashing 
apparatus with 100 ppm formaldehyde added to the mash. 2L 
of hopped wort were boiled down to 25% of the original volume 
and then reconstituted with distilled water. This process 
was then repeated twice more and the resulting boiled hopped 
wort autoclaved in 200 ml volumes for 10 minutes at 10 p.s.i. 
Sequential fermentations at 23°C were then carried out using 
the ale yeast AYA and the percentage of respiratory deficient 
mutants in the yeast determined after each fermentation.
Dialysis of hopped wort. Using the laboratory mashing apparatus 
hopped wort was prepared from a mash with 150 p(pm formaldehyde 
added. Two 150 ml volumes were dialysed against distilled 
water at 4°C, one for 18 hours and the other for 48 hours.
The dialysed hopped worts were supplemented with 0.5% w/v 
ammonium sulphate and 2.0% w/v dextrose and autoclaved at 
10 p.s.i. for 10 minutes. Strain AYA was used for six 
sequential fermentations, each of 25 ml of the two dialysed 
worts. A control series was also carried out using autoclaved 
but non-dialysed hopped wort and respiratory deficient mutant 
production determined after each fermentation.
Ion-exchange chromatography of hopped wort. Following the 
success of the dialysis experiment in removing the mutagen 
from hopped wort it was decided to use an ion-exchange column 
in an attempt to separate the mutagen from the wort. Hough 
QL974). recommended the use of a Dowex 50x-8 ion-exchange 
column for the separation of wort peptides and amino acids.
Hopped wort C200 ml) prepared from a laboratory mash of 
ale malt with 150 ppm formaldehyde was acidified with 8.8 mi 
concentrated hydrochloric acid a.nd applied to a column of 
Dowex 50x-8 ion-exchange resin which had been previously 
activated with 2N hydrochloric acid. The effluent hopped wort 
C200 ml), was collected and the column washed, first with 200 ml 
distilled water, then with 200 ml 2N ammonia solution and the 
two resulting eluates collected. The pH of all eluates was then 
adjusted to pH 5.5 and the water and ammonia eluates used as the 
diluent in the preparation of YNB supplemented with 2.0% dextrose 
and 2.0% maltose. The hopped wort was supplemented with 0.5%
yeast extract CPifco) to replace the separated amino acids and
peptides but no sugar was added since little had been removed
i
by the ion-exchange column. The three resulting solutions 
were autoclaved in 25 ml volumes for 10 minutes at 10 p.s.i. 
and then used for seven sequential fermentations with ale yeast 
strain AYA at 23°C. A parallel series of fermentations 
was carried out using 25 ml volumes of the original hopped 
wort. The respiratory deficient mutant content of the yeast 
was determined after each fermentation as previously described.
As fermentations with lager yeast strain LYA had shown 
a high base rate of fermentation in wort free from formaldehyde, 
this was investigated by ion-exchange chromatography. Hopped 
wort BG 1.037, prepared without formaldehyde, was passed down 
a column of Dowex 50x-8 ion-exchange resin as in the previous 
experiment. Elution of retained materials was performed as 
previously described, as were the fermentations and detection 
of HD mutants, with the exception that the yeast strain used 
was Lager yeast LYA.
Production of mutagen using other substrates. Peptone solution 
2.0% w/v COxoid L37) was used to investigate the production of 
the mutagen on a non-malt nitrogenous substrate. To 850 ml 
of 2.0% w/v peptone (Oxoia, L37) in distilled water at 65°C 
was added 0 and 150 ppm formaldehyde and the solution held at 
this temperature for 90 minutes. Malt extract COxoid L39)
5.0% w/v was then added to each peptone solution and the 
resulting solutions autoclaved in 100 ml volumes for 10 minutes 
at 10 p.s.i. Sequential fermentations were then carried out 
with strain AYA and the respiratory deficient mutant percentage
determined after each fermentation. Free formaldehyde in the
treated peptone solution was determined as previously described.
i
The production of the mutagen in a malt of low nitrogen 
content was determined by carrying out separate mashes using 
ale malt OhLgk nitrogen) and lager malt Clow nitrogen). 
Laboratory mashes were used to prepare 2 litres of hopped 
wort, SG 1.037, from ale malt and lager malt. Formaldehyde 
was added to each mash at 150 ppm. Sequential fermentations 
with strain AYA were carried out on the resulting worts and the 
percentage of respiratory deficient mutants determined after 
each fermentation. Free formaldehyde levels in the worts before 
fermentation were determined as previously described. The 
concentration of <£— amino nitrogen in the worts before 
fermentation was determined using the tri-nitro benzene 
sulphuric acid C.TNBS) reagent of Bateson C1970),.
iR E S U L T S
RESULTS
i
SECTION I
Principal components analysis of yeast strains
One of the main aims of these investigations was to 
produce an antigenic analysis of a number of brewing strains.
A method was therefore initially required that would enable 
representative strains to be selected for antigenic study and 
in some cases for raising antisera from the list of over 
250 strains held at the N,C,Y,Ct
Falkey and Kirsop C!9*?9) had characterised the N.C.Y.C.
strains using five tests, the results of each test being%
expressed on a 1 to 5 scale. Their data were subjected to 
principal components analysis in the hope of revealing groups 
of yeasts, from each of which a representative might be chosen. 
This analysis will subsequently be referred to as the B.Q. 
Cbrewing quality) analysis. —
Using the transformed distance matrix, eigenvectors 1 and 
2 contained approximately 80 per cent of the total variation 
Cit will be recalled that one of the hopes for a successful 
principal components analysis is that most of the variation 
occurs in principal components 1 and 2). The analysis was 
successful, five groups of yeast strains were readily resolved 
and will subsequently be called B.Q. Cbrewing quality) groups; 
each group was found to consist of two sub-groups (A and B) . 
This segregation is shown in Figure 2.
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Figures 3 and 4 illustrate that the horizontal eigenvector
(^eigenvector 11 was determined by variations in head formation
i
CTest 1) and deposit formation (Test 2). Thus, group 1 
contained entirely low head formers and high deposit formers, 
whi1st group 5 consisted solely of head forming, low deposit 
strains; groups 2-4 showed a spectrum of intermediate properties.
Figure 5 shows that the segregation of each group into 
sub-groups A or B was largely dependent on clarification, the 
A sub-groups containing the better clarifying strains in each 
case, In each figure the position of every strain has been 
colour coded according to the value possessed by that strain for 
a particular brewing property,
Walkey and Kirsop Q-969) divided the yeast strains they 
had tested into two main groups on the basis of head formation 
or lack of it, and then further divided eachgroup into three 
sub-groups on the basis of the degree of deposit formation.
The principal components analysis therefore gave groupings which 
were in general accordance with those arrived at by Walkey and 
Kirsop QL969). as in both methods head formation and deposit 
formation were responsible for segregation. The additional 
effect of clarification which became apparent from the principal 
components analysis was not observed by Walkey and Kirsop (1969).
The average values for the B.Q. tests of Walkey and 
Kirsop (1969) were calculated for each yeast B .Q . sub-group 
obtained in the principal components analysis and are shown in 
Table 1. These results make clear the manner in which segregation 
of strains has occurred in the principal components analysis: 
group 1 strains having a low value for head formation and a high
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value for deposit formation, whilst group 5 strains show the
converse. Sub-group A strains can be seen to have a high average
i
value for clarification, whereas sub-group B strains have a low 
value.
These average values were then used in the selection of 
representative yeast strains for antigenic analysis. From each 
of the two sub-groups of each B.Q. group, strains were chosen 
whose values in the five B.Q. tests corresponded most closely 
to the calculated values for the particular sub-group. In this 
manner 43 strains were chosen to represent the much greater 
number held in the N.C.Y.C. The strains chosen are listed in 
Table 2 which also shows the code number assigned to these 
strains for the purpose of subsequent computations.
* •
Serological studies on strain AYA (Ale Yeast A)
Antigenic pattern of strain AYA.
Using the standard methods which had, after considerable 
difficulties, been developed for the extraction of antigens, 
production of antiserum and immuno-electrophoresis (see Materials 
and Methods) the antigenic pattern of strain AYA was first 
established by many repetitions of immuno-electrophoresis 
analysis. By this method, 14 separate antigens were resolved 
in strain AYA and a diagram of a typical immuno-electrophoresis 
result is shown in Figure 6. This was the pattern obtained with 
minor variations in all of the runs.
Yeast Strains Chosen for Antigenic Analysis
YEAST STRAIN B.Q. GROUP COMPUTER CODE
AYA 
NCYC 1240 
1234 
1009 
1030 
1038 
1187
IA 1
2
3
4
5
6 
7
1066 IB 8
1279 9
1028 2A 10
1259 II
1176 12
1214 13
12II 14
1230 15
1085 2B 16
II60 17
1109 3A. 18
1172 19
1149 20
1204 21
1068 22
1018 23
1051 24
1092 3B 25
II79 26
1003 4A 27
1033 28
1064 29
1019 4B 30
1004 31
1130 32
1158 33
1046
1219
1174
1184
5A 34
35
36
37
1042
1193
1002
1253
1124
1039
5B
39
40
41
42
43
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Effect of cultural conditions on the antigenic pattern of 
strain AYA
i
One of the reasons for establishing the standard immuno- 
electrophoretic pattern of AYA was the hope that it would enable 
observations to be made of any effects of cultural conditions on 
the yeastrs antigenic make-up.
Fermentation temperature. Sequential fermentations of hopped 
wort were carried out at different temperatures using strain AYA. 
Antigen extracts were prepared from portions of the harvested 
yeast. The results of immuno-electrophoretic analysis of these 
antigen extracts are given in Table 3.
Fermentation at 11°C initially caused some loss of antigens 
but by the third fermentation the yeast had presumably adapted 
to these conditions and the standard yeast antigenic pattern was 
observed. Fermentation at 25°C gave similar results.
Fermentation at 37°C resulted in a marked decrease in the number 
of antigens detectable in the extracts; at 42°C no growth 
occurred after one fermentation and the yeast harvested from 
this contained only 2 of the 14 detectable antigens.
Lewis 0-974), in an examination of some ale and lager yeasts, 
reported maximum growth temperatures (T max) of S . cerevisiae 
and S.uvarum as 40°C and 30°C respectively/. These results 
demonstrate that as T max is approached there is a progressive 
decrease in the number of antigens extractable from the ceils.
The adaptation shown by strain AYA to a fermentation temperature 
of 11°C suggests that this strain could be used for lager 
fermentation and, indeed ale yeasts have been used for this 
purpose (Stewart 1975). The method employed here could also be
TABLE 3.
ANTIGENS PRESENT IN EXTRACTS FROM STRAIN A.Y.A.1
Yeast from ANTIGENS PRESENT.
1 1A 2 3' 3A- 4 4A 5 5A 5l 5n
6
6A 7
1st Fermentation at I1°C 4- + — + 4- 4* — 4- — — — — -
2nd Fermentation at ll°c + — + 4* 4* 4- 4- 4- 4- 4* . - - +
3rd Fermentation at 11°C + + - + 4- + 4' 4- + 4- 4- — 4-
1st Fermentation at 25°C + — — T 4- 4* 4* 4* — — — — — 4-
2nd Fermentation at 25°C 4- + + T + 4- 4- 4* 4- 4- 4- 4- - 4-
3rd Fermentation at 25°C + + j. + + 4- 4- + 4- 4* + 4- - 4-
1st Fermentation at 37°C 4- + — + 4* 4"
2nd Fermentation at 37°C + + - + 4*
3rd Fermentation at 37°C *h - - 4- j. - - — - - - - - -
1st Fermentation at 42°C 
2nd Fermentation at 42°C 
3rd Fermentation at 42°C
■)
)
1Jo G
j.
row
1t
+
bh. ■
:
—
extended to the examination of lager yeasts, which are
increasingly being used at temperatures higher than the
o *traditional ones of 7-12 C,
Wort oxygenation. The effect of the degree of wort oxygenation 
on the antigenic content of extracts of strain AYA was 
determined by fermentation at 23°C for 36 hours of hopped wort 
under conditions of normal C6.5 ppm initial dissolved oxygen) 
and increased Ccontinuous) oxygenation. The results are given 
in Table 4.
With, continuous oxygenation an alteration in the antigen 
pattern occurred. This took the form of a loss of antigens 
1A, 2, 4A, 5, 5A and 5ii and may well have reflected the change 
in yeast metabolism that is known to occur under conditions of 
high oxygenation, resulting in the formation of cell mass rather 
than ethanol.
Fermentation medium. Three different fermentation media 
(hopped wort, supplemented Sabouraud maltose broth and 
supplemented yeast nitrogen base medium) were used to assess 
the effects of media composition on the antigenic pattern of 
the harvested yeast. Strain AYA was cultured for 36 hours at 
25°C in each medium, harvested and antigen extracts prepared 
for analysis. Table 5 shows the antigenic pattern obtained with 
antigen extracts from the three resulting yeast samples.
The aims of this experiment were, firstly, to determine 
the effect of fermentation medium on antigenic patterns and, 
secondly, to discover whether supplemented Sabouraud maltose 
broth could be used as a replacement for hopped wort, in which 
some strains had already been found to grow rather poorly.
TABLE 4.
EFFECT OF OXYGENATION ON ANTIGENIC PATTERNS ; 
IN STRAIN A.Y.A.
Antigens
Present.
¥ort Oxygenation.
Normal Continuous
1 + ■ ' 4-
LA +
2 + -
3 + 4-
3A + +
4 + X
4A + -
5 4*
: 5A- + -
5i 4* -X
511 4* -
6 4- +
6A — 4*
7 4- 4-
o ohi pu 
C+-
to
M
E=3
CO
'Ol
The antigenic patterns obtained after culture of strain AYA
in hopped wort and supplemented Sabouraud maltose broth were
i
identical. Culture in a medium deficient In organic nitrogenous 
compounds Csupplemented yeast nitrogen base) resulted in a loss 
of many antigens QA, 2, 4A, 5, 5A, 51, 6 and 6A). These 
results demonstrated that (a) supplemented Sabouraud maltose 
broth could, where necessary, be used to replace hopped wort 
and Ch) that organic nitrogen was required for the development 
of a full antigenic pattern.
Stage of fermentation. In order to determine the influence of 
the stage of fermentation on the antigenic pattern of AYA 
samples of yeast were taken at intervals from a fermentation at 
23°C and antigen extracts prepared and analysed.
Figure 7 shows the course of the fermentation and indicates 
also at which point flocculation began. In addition it shows 
the results of the analysis of the antigen extracts taken at 
intervals during the fermentation, tabulated in the lower half 
of the figure. At the point of inoculation of the hopped wort 
the full antigenic pattern was observed. Samples taken after 
4 and 8 hours showed a marked loss of antigen Csemi-lag phase) . 
This depletion of antigens continued Cantigen 5A re-appearing 
after 15 hours) until active fermentation had ceased and 
flocculation occurred C36 hours after inoculation). At this 
point the normal antigenic complement was again obtained.
These results suggest that changes in the metabolic state 
of the yeast through fermentation are accompanied by corresponding 
changes in its antigenic pattern. They also support the findings 
of Cowland C1968), who by immuno—fluorescence was able to detect
Figure 7 V^ariation in antigenic pattern of AYA during fermentation
Yeast count Specific gravity
/mi. Yeast count
4 x10 -  1.04Q pecific gravity
onset of flocculence
2x10'J1.02a
1 x10/ 1.010^
24 48
Hours after inoculation
36
Antigen
0 4 8 15 24 36 48
1 + + + + + . k +
1a + k k + + k k
2 + - - - k k +
3 + + k + k k k
3a + k k + k • k k
4 + k k k + k k
4a + k k + k + k
5 + - - - + + k
5a + - - k + k +
5i + - - - - + +
5ii + - -■ - - k k
6 k + + + k + +
6a - - - - - - -
7 + - - -  ■ ■ - k k
variations m  seroiogicai response wnicn ne considered to oe a 
result of tlie physiological condition of the yeast cells.
i
Seroiogicai studies on other yeasts
Standard antiserum against strain AYA was used to determine 
cross-reactions between strain AYA and other yeast strains.
Strains other, than Saccharomyces. Antigen extracts were 
prepared (using the standard method for AYA) from 16 strains of 
yeast of genera other than S accharomyces. These strains grew 
poorly in hopped wort and were therefore cultured in supplemented 
Sabouraud maltose broth at 25°C which had been shown previously 
not to alter the resultant antigenic pattern, at least of 
strain AYA Csee page 84),
Table 6 lists the cross-reaction obtained with the various 
yeast strains. All strains exhibited some degree of cross­
reaction (e,g. all possessed AYA antigen 3A), Some of the 
Kluyveromyces strains gave rather more numerous cross-reactions 
than those of other genera, and it may be noted that these were 
originally classified as members of the genus Saccharomyces.
These results are in general accord with those of Tsuchiya et al. 
C1965) who, by slide agglutination, demonstrated both specific 
and shared antigens in the genera Candida, Hansenula, 
Saccharomyces and Tornlopsis.
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strain 
AYA 
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Saccharomyces
Strains of. Sacchhf omyces not used for. ale fermentation. Antigen
extracts were prepared from 12 strains of Saccharomyces not 
normally used in ale fermentations. As in the previous 
experiment, supplemented Sabouraud maltose broth at 25°C was 
used. The results of the immuno-electrophoretic analysis of 
antigen extracts of these strains are given in Table 7.
These Saccharomyces strains generally possessed a greater 
number of common antigens with strain AYA than did the strains of 
yeast from genera other than Saccharomyces. The exception was 
N.C.Y.C. 429, a sherry flor isolate though identified as 
S .cerevisiae, it lacked every one of the AYA antigens/ even 3A.
The two strains of S ,uvarum differed considerably as did the two 
strains of S.cerevisiae var ellipsoideus, indicating that, in 
addition to the species to species variation shown by different 
Saccharomyces yeasts, differences may occur within a single 
species.. The greatest degree of cross-reaction with AYA was 
observed with S'. chev alieri N.C.Y.C. 91: this conflicts somewhat 
with the results of Campbell et/ al, (1968) who found, by slide 
agglutination, that 'S,chevalieri fell into a serological group 
with some strains of S .uvarum and S/cerevisiae var ellipsoideus.
Extended serological studies on ale brewing strains
In order to extend the range and scope of the serological 
analysis of brewing strains further antisera were prepared by 
the method employed for strain AYA and used to determine antigenic 
patterns of extracts of the same brewing strains as had been 
examined by the AYA serum. Since strain AYA belonged to B.Q. 
group 1A, the further antisera were prepared against strains 
drawn from the other four B.Q. groups. To obtain antisera 
differing as much as possible from that of AYA and thus provide 
information of the greatest range concerning the yeast antigenic
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TABLE 
7 
Cross-reactions 
between 
strain 
AYA 
and 
strains 
of 
Saccharomyces 
other 
than
brewing 
yeasts
contents, strains for these further antisera were chosen from
B sub-group strains. Representative strains from each B.Q.
i
group had already been chosen (see Table 2) on the basis for 
the calculated average values for the five B.Q, tests of Walkey 
and Kirsop (1969). The strains which were found on examination 
to most closely match the average values for the sub-groups 
2B, 3B, 4B and 5B were found to be N.C.Y.C. 1085, 1092, 1019 
and 1042 respectively, and antisera were prepared against these 
by the standard method.
The five antisera (AYA, and the 4 new ones) were then
employed to determine the antigenic patterns from the 43 strains
of yeast chosen to be representative of the B.Q, groups and 
sub-groups. Tfie results are given in Tables 8-12: several extra 
antigens, not demonstrable using antiserum against strain AYA, 
were revealed and these are shown diagramatically in Figure 8.
The antigenic patterns obtained were then subjected to 
further computer analysis, the purpose being to determine what 
relationships (if any) existed between yeast performance and 
antigenic pattern as determined by immuno-electrophoresis on 
yeast antigen extracts. A separate principal components 
analysis was carried out for the data resulting from each of the
five antisera, and a further one in which the results of all
five were combined, •
Principal components analysis. Table 13 lists the total variation 
in principal components 1 and 2 obtained from three different 
computational methods used to analyse the results in Tables 8-12. 
It must again be recalled that one of the hopes for a successful 
analysis is that as much as possible of the total variation
•m'
■^ !\
■ \\
/ X
I
i
ii
I
I
Figure 
8 
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TABLE 8 IMMUNO-ELECTROPHORESIS ANALYSIS USING
ANTISERUM AGAINST STRAIN AYA
ANTIGENS PRESENT
STRAIN CLASSIFICATION 1 la 2 3 3 a 4 . 4a 5 5a 5 i 5 i i 6 6 a 7 8 9 10 11 12
AYA 1 5 5 5 5 + + + + + + + + + + + + + + _ _ _ _ —
1240 1 5 5 5 5 + _ + + + + + + + +
1234 1 5 5 5 5 . + + - + + + + + - + + -
1009 1 5 4 4 5 +  — + + + + + + + + - - - + - - - + -
1030 1 5 5 4 3 + - + + + + + + - +
1038 1 5 5 4 3 + + - + + + + + — - + - — + _ — — — -
1187 1 5 3 4 5 + + _ + + + _ + _ _ _ _ + _ _ _ — -
1066 1 5 5 5 1 + + _ + + + + + ■ _ ■ _ _ + _ _ _ + _
1279 1 5 5 5 1 + + - + + + - + - - + -  - - - - + -
1028 3 5 4 4 3 + + - . +. + + + + - + + - - + - - +
1259 1 3 2 2 3 + - - + + + + - - + +
!
i
1176 3 5 4 4 5 + + - + + + + + + +
1
- i "
1214 3 5 4 5 3 + 4* a. + + + + + _ + +
1
1
1211 3 5 5 4 3 + __ + + + +  - + +
1
i _
1230 3 5 5 4 3 + + + + +. + - + + +
„
1085 1 3 5 5 1 + - - + + +. + .+ +' -  j + -
1160 1 3 5 4 1 . + + + + + . + - - - + - - - - - - - —
1109 3 3 5 4 3 + + - + + + + - - - -  . - - + - - - -
_ i
1172 3 3 5 4- 5 • + + — +  ■ + + + — — — _ — - _ _ — — - -
.
1149 3 3 5 4 3 + + + + + + - - - + - - — - - +
1
"
1204 3 3 5 4 3 «■' . + - - + + .+ + - - + - - - - - + _ | _
"
1068 1 1 5 5 1 + + + + + - i
1018 1 1 5 5 1 + + - + + + - - - + + - - + - - - -  1
1051 3 3 4 5 5 + - - + + +  - 1-  1
1092 3 3 5 4 1 + + _ ■ + + + + + _ + + _ _ + _ _ — + _ !
1179 3 3 5 4 1 + + _ + + + _ _ _ + + + + + -i -
1003 5 3 4 5 5 + + _ + + + _ _ _ + + + + _ _
1033 5 3 4 4 5 + + - + + + - - - + + - - + - - - j
1064 5 3 2 3 5 + + + + + + - - - + + + + •
1019 3 1 5 4 1 + + + + + + + - - + - - _ + _ — + -
1004 3 1 5 3 1 + + + + + + _ _ + + + +  _ i _
1130 3 1 5 4 1 + + _ + + + + _ + + _ + _ _ _
1158 3 1 5 3 1 + + _ + + + + + +
1046 5 1 2 4 5 + + - + + + +
1219 5 1 3 5 5 + + - + + + + - - + — + - + - - - -
1174 5 1 3 5 5 + + - + + + + - - - + - — + — — - - -
1184 5 1 3 5 5 + + — + + + + _ _ _ + _ _ + _ _ _ — _
1042 5 1 4 4 3 + + + + + + + _. _ + + _ _ + _ _ _
1193 5 1 5 3 1 + + + + + +
1002 5 1 4 5 3 + + - + + + + - - + - + - + - - - - -
1253 5 1 5 3 1 + + + + + + + - - - + -  • - + - - - - -
1124 5 1 4 4 1 + - - + + + +
1039 5 1 4 4 3 + _ _ + + + . + _ + + + + _ + _ + + _ —
...
1 la 2 3 3 a 4 4a 5 5a 5 i 5 i i 6 G a 7 8 9 10 11 12
jTABLE 9
YEAST N .C .Y .C .
STRAIN CLASSIFICATION
AYA
1240
1234
1009
1030
1038
1187
106G
1279
1028
1259
1176
1214
1211
1230
1085
1160
1109
1172
1149
1204
1068
1018
1051
1092
1179
1003
1033
1 5 5 5 5
1 5 5 5 5
1 5 5 5 5
1 5 4 4 5
1 5 5 4 3
1 5 5 4 3
1 5 3 4 5
1 5 5  5 1
1 5 5 5 1
3  5 4 4 3 
1 3 2 2 3
3 5 4 4 5
3 5 4 5 3
3 5 5 4 3
3 5 5 4 3
1 3 5 5 1
1 3 5 4 1
3 3 5 4 3
3 3 5 4 5
3 3 5 4 3
3 3 5 4 3 ' - '
1 1 5  5 1
1 1 5  5 1 
3 3 4 5 5
3 3 5 4 1
3 3 5 4 1
5 3 4 5 5
5 3 4 4 5
l a
+ —
+ —
+ —
+ —
+ -
IMMUNO-ELECTROPHORESIS ANALYSIS USING
ANTISERUM AGAINST STRAIN NCYC 1085
ANTIGENS PRESENT
3 3n
+ +
+ .
+ +
4a
+ -
+ . -
+ —
+ —
+ —
+ —
+ + -
5a 5 i  5 i i
+  -  +  -
+
i _ _
+
— — +
-  +
+  +  +  -  -  +  -
-  -  +__ _  —
-  -  +
_+___
+ -
6 6a
+  -  -
+ -
+ -
+ -
+  -
_  _  +  —
10 11
+  !
+  -
-  +  -
+ -
1064 5 3 2 3 5 -  +
1019 3 1 5  4 1 -  I +
1004 3 1 5  3 1 -  +
1130 3 1 5  4 1 +  - +  -
1158
1046
3 1 5  3 1
5 1 2  4 5 +  —
+
-  ! +
1219 5 1 3  5 5 —  +
1174 5 1 3  5 5 -  + + — +
1184 5 1 3  5 5 +  - +  -
1042 5 1 4  4 3 + —
1193
1002
5 1 5  3 1
5 1 4  5 3
+ -
+ — +
1253 5 1 5  3 1 + - + + -
1124 5 1 4  4 1 -  +  +  -
1039 5 1 4  4 3 + - + _  _  +  _ + -
la 3 a 4a 5a 5 i  5 i i 6 a lO 11 12
TABLE 10 IMMUNO-ELECTROPHORESIS ANALYSIS USING
ANTISERUM AGAINST STRAIN NCYC 1092
ANTIGENS PRESENT
STRAIN CLASSIFICATION 1 la 2 3 3a 4 4a 5 5a 51 511 6 6a 7 8 9 10 11 12
A?A 1 5 5 5 5 + - - + + + + - - + + - - + - - - - -
1240 1 5 5 5 5 + + -• + + + +
1234 1 5 5 5 5 + - + + + + ~ - + + - - - - + + - -■
1009 1 5 4 4 5 + -  ' - + + + + - - - - + - - + + + + +
1030 1 5 5 4 3 + + - + + + + - _ + + — _ _ + _ _
1038 1 5 5 4 3 + + _ + + + + _ _ + + _ _ _ _ _ + _
1187 1 5 3 4 5 + + - + + + + + - + + -  - - - +  ■ + + -
1066 1 5 5 5 1 + + - + + + + - - + - -■ - - - -
1279 1 5 5 5 1 + + - + + + + - -■ .+ + - - + + - -
1028 3 5 4 4 3 + - + + + + + + - + +
1259 1 3 2 2 3 + + — ■ + + + + - _ + + _ _ + _ +
i
-  | + _
1176 3 5 4 4 5 + + _■ + + + + _ _ + _ _ _ + _ + . + ! + _
1214 3 5 4 5 3 + + _ + + + + _ + + + + + + +
1211 3 5 5 4 3 + - - + + + - - - - +  . + + +
1230 3 5 5 4 3 +  . - -• + : +  . +  — - - + + + - - - + - + -
1085 1 3 5 5 1 + + - + + + + - - - + - - - - + +  i " -
1160 1 3 5 4 1 + + + + + + + - - + - - - + - - + +
l l 0 9 3 3 5 4 3 + + — + + + + - - + -  . - - + + + + +
1172 3 3 5 4 5 s + + + + + + ■ _  ■ _ _ _ + + _ + — -  i - ■ +  1
1149 3 3 5 4 3 + + - + + + - + + + ”  I
1204 3 3 5 4 3 + + + + -  - - - + + + - - - + -  i  +
+ J
1068 1 1 5  5 1 + + + + + + - - • + - + + - - - - +
1
—  }I
1018 1 1 5  5 1 + + + + + + - - - + - +  - - + - + 1
1051 3 3 4 5 5 + _ + + + + ■ - - — + - + - ‘ - + + - + -
1092 3 3 5 4 1 +  - _ + + + + + + + - + -  -
1179 3 3 5 4 1 + _ + + + + _. + + _ _ _ — + + _ _
1003 5 3 4 5 5 + + - + + + + - - - + - - - +• - - + +
1033 5 3 4 4 5 + + + + + + + - - + ■ + + + - - - - + -
1064 5 3 2 3 5 + - - + + + - - - + , + + + + + - + +
1019 3 1 5  4 1 +  - - + + + + - - + - - - + - + -
1004 3 1 5  3 1 + + + + + + _ + + _  ■ _ — _ — + _  • + -
1130 3 1 5  4 1 + + _ + + + + + _ + _ _ + _ _ —
1158 3 1 5  3 1 + + + + + + - - - + - - - + 4- - - + -
1046 5 1 2  4 5 + + + + + + - - + - - - + - + - + +
1219 5 1 3  5 5 + + + + + + - - - + - + - + - + - + +
1174 5 1 3  5 5 + + + + + + — - - + - - - + - + - + +
1184 5 1 3  5 5 + _ _ + + +  - _ . _ _ _ _ + + — — + -
1042 5 1 4  4 3 + + - + + + + . + + + + + -
1193 5 1 5  3 1 + + - + + + - - - - + -■ - + - + - + -
1002 . 5 1 4  5 3 + + - + + + - - - + - + - - - - + + -
1253 5 1 5  3 1 + + + + +  - - - + + - - + + - - + +
1124 5 1 4  4 1 + — +  . + + + - - - + - - - - - - - + +
1039 5 1 4  4 3 + + _ + + + _ _ _ + + + + _
1 la 2 3 3a 4 4a 5 5a 51 5 i i 6 6 a 7 8 9 io i i 12
TABLE 11 IMMUNO-ELECTROPHORESIS ANALYSIS USING
ANTISERUM AGAINST STRAIN NCYC 101<%
JtUAdl
STilAIN
H . t- . I .
CLASSIFICATION 1 la 2 3 3a 4 4a 5 5a 5 i 5 i i 6 6a 7 8 9 30 3 1 12
AYA 1 5 5 5 5 + + - + + + + -  -  + -
1240 1 5 5 5 5 +  - + + + + + +  -  -  - + - + + -
1234 1 5 5 5 5 + - - + + + ’ + + -
1009 1 5 4 4 5 + - - + + + - + + - - - - + - - - + -
1030 1 5 5 4 3 + + — • + + + + - - + + -  - — + - - - -
1038 1 5 5 4 3 +  - — + + + _ _ — ' _ + — — _ ■ _ — — + —
1187 1 5 3 4 5 + + + + + + + - - + - - - — + - + + - .
1066 1 5 5 5 1 + - - + + + + - - + - - - - + +
1279 1 5 5 5 1 + + - + + + + - • - + + - - - - 1 - + - -
1028 3 5 4 4 3 + ■ - + + + + + - - - + - - + - + - -
1259 1 3 2 2 3 + + — + + + + - - + — + - + — i - + + ■ -
1176 3 5 4 4 5 + _ _ + + + + _ _ + a. _ + _ I _i + _
1214 3 5 4 5 3 + - + + + + + - - + + + - - - + - ■
1211 3 5 5 4 3 + + - + + + + - - - + +  — "  i- -
1230 3 5 5 4 3 +  - + +• + + - - - -■ + - _  - - + + +
_
1085 1 3 5 5 1 + - - + + - - + - - - - - - + _ -  ! + -
1160 1 3 5 4 1 + - + + + - - - - - + - - - + _ — _ _
1109 3 3 5 4 3 + — — + + — . — - - + — • — — _ + + — -
_
1172 3 3 5 4 5 + + _ + + + _ _ _ _ + _ + ♦ - 1
1149 3 3 5 4 3 + + - + + + - - + - - - + - - + . . - i
1204 3 3 5 4 3 <-• + + + + + - - + - - - - -  I +
+
»
- i
1068 1 1 5  5 1 + + - + + + - - - + - - - +- - +
i
- i
1018 l ' l  5 5 1 + - - + + + - - - + - - - — + - - i
1051 3 3 4 5 5 + + _ + + + + _ _ + _  . ■ _ _ _
i
+ 1 - +
i
1092 3 3 5 4 1 + _ _■ + + + + + __ + __ + + _
1179 3 3 5 4 1 + + - + + + + - - + + - - - - - -■
+ -
1003 5 3 4 5 5 + + - + + + + - + + + +
1033 5 3 4 4 5 + - + + + + - - - . + + - - + - + + +
1064 5 3 2 3 5 + - - + + + + - - + + - — + - - ~  i + -
1019 • 3 1 5  4 1 I + — -i + + + + _ + + _ _ _ + _ _ +
1004 3 1 5  3 1 + _ + + + + __ _ + + + _ _ _ + + _ |
1130 3 1 5  4 1 + + - + + + + + j+ j -
1158 3 1 5  3 1 + + + + + + - - - + + + - - - - - + -
1046 5 1 2  4 5 + + - + + + - - - - + - + - - - +  j -
1219 5 1 3  5 5 + + - + + +  - - - - + - - - - - -  | i+ -
1174 5 1 3  5 5 + + _ + + + — _ — _ + + — _ _ _  |+ -
1184 5 1 3  5 5 + + _ + + + _ _ _ + _ _ _ _ _ _  . _
1042 5 1 4  4 3 + + - + + + + - - + - + - 4- + + “  i+ -
1193 5 1 5  3 1 + + - + + + - - - - + - - + - - - + _
1002 5 1 4  5 3 + + - + + + - - - + + + - - + - + + -
1253 5 1 5  3 1 + - + + + - - - + + + • - - - + + + -
1124 5 1 4  4 1 + + _ + + + _ _ _ + _ + + + _ _ _ + —
1039 5 1 4  4 3 +  - + + + + _ + _ + _ _ _ ' _ _ _
■ 1 la 2 3 3a 4 4a 5 5a 5 i 5 i i 6 6a 7 8 9 10 11 12
TABLE 12 IMMUNO-ELECTROPHORESIS ANALYSIS USING
ANTISERUM AGAINST STRAIN NCYC 1042
STRAIN CLASSIFICATION 1 In 2 3 3a A . 4a 5 5a 5 i 5 i i 6 6 a 7 8 9 10 11 12
AYA 1 5 5 5 5 4- 4 4 + H 4- 4- 4- 4- - 4- -  - 4- - ■ - - - -
1240 1 5 5 5 5 + 4 4 + 4 4- 4- - - - 4- - 4" 4- 4- - -
. '
1234 1 5 5 5 5 4- 4 - + 4 4- 4- - - 4- 4- - 4- 4- - - -
1009 . 1  5 4 4 5 + 4 — + 4 4- 4" - - 4- 4- _  - - 4- - - 4- -
1030 1 5 5 4 3 4 _ 4 + 4 4- 4- 4- 4- _ _ _ _ _ 4- _ _ 4- _
1038 1 5 5 4 3 + - - + 4 4- 4- - - • - 4- -  - - 4- 4- - 4- -
1187 1 5 3 4 5 4 4 - + 4 4- 4- 4- -
1066 1 5 5 5 1 4 4 + 4 4-. 4- - - 4- - • 4- - 4- 4- - - 4- 4-
1279 1 5 5 5 1 4 4 - + 4 4- - 4- 4- - - - - 4- - - - -
1028 3 5 4 4 3 4 4 4 + 4 4- 4- - 4 4- - 4- - 4- 4- - - -
1259 1 3 2 2 3 4 4 _ 4- 4- 4- 4- 4-
i
_  i|
1176 3 5 4 4 5 4 4 ■_ + 4- 4- 4-
1
i
1214 3 5 4 5 3 , 4 4 + + .4- 4- - - 4- 4- -  - - 4- 4- - - -
1211 3 5 5 4 3 4 4 - + .4- 4- - - 4- 4-. - - - 4* 4- 4- -
_ j
1230 3 5 5 4 3 ................. +  - - + 4- 4-. .4- ■ - ■ - - - - - 4- 4- -- - -
1085 1 3 5 5 1 4 4 4 + 4- 4- 4- 4- ■ - - - -  - - 4- 4- - _ -
1160 1 3 5 4 1 4 — _ + 4- 4- 4- _  _  _  _ — _ 4- 4- 4- + _ -  j
1109 3 3 5 4 3 4 4 _ + 4- 4- 4- _ ■ _ _  • __ 4- 4- _ _  |
1172 3 3 5 4 5 + 4 4 . + 4- 4- 4- - - 4- 4- -  - 4- 4- - - - -  |
1149 3 3 5 4 3 4 4 - + 4- 4- . - - 4- 4* - - - - - ■ - , “  |
1204 3 3 5 4 3 ' ' 4 - - + 4- 4- - - 4- - - - 4- 4- i
1068 1 1 5  5 1 4 — 4 + 4- 4- - - - — 4- 4- . — — - - ~ 4- -  j
1018 1 1 5  5 1 4 4 _ • + 4- 4- _ _ 4- _ 4- - - _ +
1
+  !
1051 3 3 4 5 5 4 4 - + 4 4- 4- 4- 4- 4- - - 4- 4- - - - _  ii
1092 3 3 5 4 1 4- + + 4- 4- 4- - 4- 4- 4- 4- i-  |
1179 3 3 5 4 1 4 4 4 + 4 4- - - - - 4* - - 4- - 4- - 4- -  1. ..  .j
1003 5 3 4 5 5 4 - - + 4 4- 4-' - - 4- - 4: - - - 4- -
1033 5 3 4 4 5 4 4 4 + 4- 4- 4- 4- 4- - - - - 4- - - - 4-
i
-  1
1064 5 3 2 3 5 4 4 4 + 4 4- 4- 4- 4- — — 4- _ 4- ■ — 4- _ 4- -  -1
1019 3 1 5 4 1 4 4 ” i
+ 4- 4- 4- - 4- - - - - - 4- - - - "  1
1004 3 1 5  3 1 4 4 4 + 4 4- . 4- - - 4- - - - - - - - 4- -  1i
1130 3 1 5  4 1 4 4 4 + 4 4- ~ i  + -
1158 3 1 5  3 1 4 4 4 + 4 - - - - 4- - 4- - 4- - - — 4- -
1046 5 1 2  4 5 4 4 4 + 4 -  - — - -  ' '  4- 4- - 4- — -
!
-  1 4- -
1219 5 1 3  5 5 4 4 4 + 4 4- _
1174 5 1 3  5 5 4 4 - + 4 4- - - - - 4- - - - 4- - - 1
4- -
1184 5 1 3  5 5 4 4 4 + 4 4- - - - - - - 4- 4- - - 4- -
1042 5 1 4  4 3 4 4 - + 4 4- 4- - - 4- 4- 4- - - - 4* - 4- -
1193 5 1 5  3 1 4 4 - + 4 4- 4- 4- 4-
1002 5 1 4  5 3 + ' - — + '4 4- - - - 4- - 4- 4- — 4- - - 4- -
1253 , 5 1 5  3 1 4 +. 4 + 4 4- _ _ _ 4- 4- 4- 4- _ _ _ _ 4- _
1124 5 1 4  4 1 4 4 + + 4 4- - - - 4- 4- 4- 4-. -
1039 4 5 1 4  4 3 +  . - + 4 4- 4- 4- _ 4- -
1 la 2 3 3a 4 4a 5 5a 5 i 5 i i 6 6a 7 8 9 10 11 12
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occurs in principal components 1 and 2: in this instance, this
occurred using the transformed distance matrix analysis of the
i
combined results, when components 1 and 2 accounted for 70 per 
cent of the variation.
The antigenic analysis principal components maps were 
then inspected to determine if any of the computations had 
produced groupings that corresponded with the B.Q. groupings. 
Correspondence was determined by attempting to match the 
distribution of yeast strains from the different B.Q. groups 
with the groups appearing on the various principal components 
maps. The groupings which best matched the B.Q. groups appeared 
to be those obtained with the results from the antisera against 
strain AYA, 1085 and 1042 and with the combined results.
% •
Several attempts were made to find a more objective
quantitative way of comparing the maps yielded by the different
principal components analyses, so as to be able to choose that
one in which the serological grouping accorded best with the
B.Q. grouping. The method finally chosen was as follows.
On each serological principal components map, the points
representing strains from each B.Q. group were identified.
Lines were drawn connecting the peripheral points for each
B.Q, group so as.to produce a contour which would show the size
2
of the swarm. The area Ccm on the map) occupied by each B.Q. 
swarm was then calculated and the results are given in Table 14.
Areas Occupied by Brewing Quality Groups
i
Description of Principal 
Components Map
Areas Occupied By Brewing Groups
(cm)
Anti-
Serum
Matrix
Type
Eigen
Vectors I 2 3 4 5 Total
Combined
Results
Transformed
Distance
I & 2
1 & 3
2 & 3
34.4
55.5 
30.3
43.6
66.1
35.2
51.1 
54.5
31.1
63.8
39.1
36.0
28.4
68.5 
52.3
221.3
283.7
184.9
Combined
Results
'^bvariance I & 2
1 & 3
2 & 3
27.7
26.7
28.9
36.6
34.5
24.4
41.0
67.6
44.1
33.0
176.2  
188.3
AYA. Transformed
Distance
I & 2
1 & 3
2 & 3
37.1
60.7
42.92
42.9
52.1
38.47
59.1 
78.0  
55. %
45.2 
II.9 
27.77
13.7
42.9
2ID7
198
245.6
185.77
AYA Covariance I & 2
1 & 3
2 & 3
63.0
48.2
87.5
41.2
36.2  
37.2
37.3
54.38
70.1
II. 6 
48.2 
12.8
17.9
9.8
39.1
196.78
246.7
1085 Transformed
Distance
I & 2
1 & 3
2 & 3
60.7
82.1
47.9
32.8
34.5
34,4
36.O
40.3
48.6
59.3
34.5
60.8
26.5 
54.7
51.5
215.3
246.1
243.2
1085 Covariance I & 2
1 & 3
2 & 3
66.4 
28.6
37.5
30.5
55.1
32.9
36.6
36.5
87.9
89.4
49.9
63.7
61.4
52.7
73.1
284.3
222.8
295.1
1042 Transformed
Distance
I & 2
1 & 3
2 & 3
25.3
49.9
28.9
21.6
49 .1
32.9
69.7
50.4
58.1
62.7
64.1
43.2
65.1
70.1 
41.0
244.4
283.6
204.1
1042 Covariance I & 2
1 & 3
2 & 3
3I.6|
26.4
77.9
!
42.8
31.9
58.9
60.1
IH.6
63.0
68.5
31.6  
23.0
54.0 
59.9
41.0
- __ i
257
261.4
263.8
It was assumed that a high degree of agreement between
serological and B.Q. data would be denoted on the serological
t
analysis maps by small compact groupings of the various B.Q. 
strains. Thus the 'best* map would be that in which the total 
area occupied by the five B,Q. groups was the smallest.
The lowest total area occurred with the AYA serum analysis,
using the co-variance method and principal components 1 and 2 
2C171 cm ). The combined results co-variance analysis also gave 
good agreement when principal components 1 and 2 were employed 
C176.2 cm2},
It had been expected that maps constructed on principal 
components' 1 and 2 Gin which the greatest amount of total 
variation was included) would invariably give greater concordance 
with B.Q, groupings. than that derived from components 1 and 3 or 
2 and 3. Table 14 shows that this was by no means invariably so. 
In particular, in the analysis of the combined results, the
transformed distance matrix gave much better concordance
2 —
C174t9 cm ) when components 2 and 3 were mapped than when
. - 9 . . . . .  -
components 1 and 2 were used C221.3 crrG) .
Figures 8-11 demonstrate in a somewhat different form the 
agreement between the two types of data. In these figures the 
position of each strain on the principal components map 
Cdetermined from serological data) has been colour coded 
according to which B,Q. group it belongs to. It will be noted 
that, in general, B.Q. group 1 strains are found in one section 
of the map whereas group 5 strains are found in the opposite 
section. The outlines around groups 1, 3 and 5 are intended to 
clarify the delineation of the groups (the outlines for groups 
2 and 4 have been omitted, so as not to confuse the picture).
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Figure 8 = Principal components analysis of yeast strains
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Figure 9 - Principal components analysis of yeast strains
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Figure 11:Principal components analysis of yeast strains
AYA antiserum-covariance matrix
Eigenvector 1 
B..Q. group
O  1
0 2  
0  3 
# 4  
0 5
The results given in Table 14 and in Figures 8-11 would 
appear to demonstrate, in different ways, the same general 
finding: serological analysis of brewing yeasts reveals
groupings which, by and large, correspond quite well with 
groupings obtained when the same yeasts are examined by 
conventional, practical, brewing quality tests. Thus two 
completely different approaches to the classification of brewing 
yeast strains are giving much the same results and this can 
only increase the confidence with which either approach can be 
regarded. However, brewing quality tests are relatively simple, 
serological analysis is more complicated: considering the relative
practical advantages of these two approaches will be reserved 
for the Discussion.
Correlation coefficients. The principal components correlation 
programme was included in the computer analysis in order to make 
use of the facility it contained to print out a triangular 
matrix of the correlations between every attribute and every 
other one. These values were then determined for the results 
from each, individual antiserum, from the combined results, and 
also the brewing properties. Tabulated values for the correlation 
coefficient r, for 40 degrees of freedom at probability levels 
of p = 0.02, 0.01 and 0.001 (0*358, 0.393 an£ o.49 respectively) 
were taken from Bishop (1968) and used to determine whether any 
significant correlations existed between the presence or absence 
of antigens and the brewing properties of the strains.
Tables 15-20 list the calculated values of the correlation
coefficients as determined for the separate antisera and for the
i
combined results. The antigens included in these tables have 
been chosen as they demonstrate strain to strain variation. 
Common antigens such as 3 and 3A or those negative for all 
strains with, one antiserum, for example antigen 8 with antiserum 
against strain AYA, were thus excluded from the analysis. 
Significant correlations were obtained for all of the brewing 
properties indicating the association of various antigens with 
the expression of brewing properties. Table 21 summarises these 
results and shows that the highest correlations were generally 
those obtained for head formation and deposit formation with 
the various antigens; a few significant correlations were 
obtained with the other brewing properties.
'*
Cluster analysis using the Clustan 1A programme of 
Trasi QL975)_ was applied to the combined results to produce a 
re-ordered listing of antigens according to correlation values; 
Figure 12 shows the re-ordered arrangement.
The major serological segregation of antigens was shown 
to be between antigens correlated with head formation and deposi 
formation. It is interesting to note that the original 
segregation of yeast strains into B.Q. groups was mainly on the 
same basis. Correlations were however shown between the other 
brewing properties and particular antigens; it is also possible 
that some antigens, though showing no association with the 
properties tested, might well perhaps be associated with other 
yeast properties. Thus further investigations into the other 
factors important in yeast evaluation could also reveal 
correlations with antigenic patterns. Support for this argument
TABLE 15.
CORRELATIONS BETWEEN ANTIGENS AND BREWING (PROPERTIES
  FOR ANTISEROM AGAINST STRAIN A.Y.A. ____ __
Brewing Property.
Antigen Head
Formation
Deposit
Formation
Degree of 
Attenuation
Rate of 
Attenuation
Clarification
LA 0.192 - O.I63 - 0.030 0.066 - 0.066
2 - 0.045 O.219 0.137 - 0.169 - O.O6I
4A 0.102 - 0.099 - 0.095 - 0.014 0.117
5 - 0.637 0.844 0.108 0.121 0.114
5A - 0.201 0.303 0.179 0.026 0.137
5 I 0.160 - 0.158 - 0.128
r ...
- 0.135 - 0.058
5 II 0.148 - 0.166 - 0.085 - 0.199 - 0.167
6 0.316 - 0.188 - 0.183 0.042 0.143
6A 0.008 0.125 - 0.105 - 0.070 0.109
7t 0.3^8 - 0.216 -0.095 - 0.014 0
9 0.146 - 0.120 0.037 - 0.057 0
10 0.199 - 0.176 - 0.059 - 0.040 0
11 -0.331 O.36 0.272 O.I63 -0.198
TABLE 16,
CORRELATIONS BETWEEN ANTIGENS AND BREWING PROPERTIES
_____  FOR ANTISERUM AGAINST NCYC 1085.___________
Antigen
Brewing Property.
Head
Formation
Deposit
Formation
Degree of 
Attenuation
Rate of 
Attenuation
Clarification
1A 0.346 - 0.234 - 0.305 - 0.184 0.008
2 0.026 - 0.066 - 0.118 - 0.153 0.282
4A - 0.271 0.378 - 0.006 |a
.!
- 0.027 0.059
5 - 0.230 0.515 - 0.375 - 0.042
s
1
0.416
54 0.018 0.159
.■ " " '■ 1 -
- 0.352 I 0.232
i1?
0.186
5 I 0.117 - 0.097
!1
- 0.068 f 0.298  1
..... !
- 0.128
5 II 0.030 - 0.055 0.170 - 0.263 0
6 0.509 - 0.419 - 0.031 0.068 - 0.115
6a O.I99 - 0.176 - 0.059 - 0.040 - 0.185
7 0.469 - 0.332 -0.642 0.042 0.358
8 0.017 0.161 - 0.224 0.070 0.064
9 - 0.168 0.217 0.006 0.233 0.178
10 - 0.326 0.499 0.155 0.018 0
11 0.144 - 0.066 - 0.376 - 0.023 0.282 '
CORRELATIONS BETWEEN ANTIGENS AND BREWING PROPERTIES
_______FOR ANTISEEUM AGAINST NGYC 1092. ________
i
-...  L- - -
Antigen
Brewing Property
Head
Formation
Deposit
Formation
Degree of 
Attenuation
Rate of 
Attenuation Clarification
- 0.019 - 0.219 0.030 - 0.041 - 0.121
2 0.149 - 0.338 - 0.181 0.127 0.062
4 - 0.005 - 0.009 - 0.110 0.040 0
4A - 0.499 0.512 0.186 0.035 0.056
5 - 0.133 0.277 - 0.206 - 0.057 0.132
5& 0.005 - 0.176 0.110 - 0.253 - 0.185
5 I - 0.085 0.031 - 0.126 - 0.070 » — 0.064
5 II - 0.145 0.395 0.152 - 0.211 0.112
6 0.205 - 0.130 - 0.083 0.135 0.115
6k 0.194 - 0.067 - 0.218 — 0.007 0
7 0.403 - 0.328 - 0.474 - 0.309 0.182
8 0.149 -  0.214 0.105 - 0.088 0
9 - 0.085 O.O63 - 0.225 - 0.095 0.056
10 - 0.178 0.283 0.046 0.198 0
11 0.401 - O.36I to
toto•01 - 0.239 0
12
1
0.334 - 0.08 - 0.266 - 0.042 0.238
CORRELATIONS BETWEEN ANTIGENS AND BREWING PROPERTIES
_______EOR ANT I SERUM AGAINST NCYC 1019. _________
Brewing Property.
Antigen HeadFormation
Deposit
Formation
Degree of 
Attenuation
Rate of 
Attenuation Clarification
1A 0.208 - 0.276 - 0.206 0.047 0.112
2 1 0.057
0.234 - 0.008 -0.053 0.068
4 0.223 - 0.015 - 0.196 - 0.056 0.219
4A -0.267 0.443 - 0.050 0.018 0.112
5 - 0.294 0.21 0.141 0.139 0
5A 0.009 0.018 0.053 0.028 0
5 I - 0.024 - 0.045 - 0.046 - 0.121 » - 0.228
5 II 0.322 - 0.060 - 0.203 -0,175
!
0
6 0.396 - 0.318
1
- 0.102 j - 0.316 -0.119
6A 0.199 - 0,176 - 0.059
i
1 - 0.040
i.
__ - 0.185
7 0.155 0,031 - 0.452 1 - 0.370 - 0.198
8 - 0.160 0.043 0.233 j 0.135
1
0
9 0.093 — 0.05i 0.177 - 0.026 - 0.151
10 - 0.042 0.217 - 0.048
!
I
! - 0.111 0
11 ’ 0.173 - 0.34
|
- 0.137
2
| - 0.181
i
0
12 O.I99 0.009 - 0.059
1
| -0.040 0.185
TABLE 19.
CORRELATIONS BETWEEN'ANTIGENS AND BREWING PROPERTIES 
_______ FOR AMTISEROM AGAINST NCYC 1042.___________
t
Antigen
Brewing Property.
Bead
Formation
! Deposit 
! Formation
Degree of 
Attenuation
Rate of 
Attenuation
Clarification
1A 0.057 - 0.029 - 0.179 -0.105 0.068
2 0.144 - 0.175 - 0.084 -0.035 0
4 - 0.146 0.253 0.206 0.209 0
4A -0.381 0.512 0.186 0.035 - 0.056
5 - 0.073 0.184 - 0.080 0.082 0.241
5A 0.014 0.17 0.052 - 0.040 0.143
5 I - 0.030 0.110 0.187 0.070 - 0.064
5 II - 0.035 0.104
I
0.037 | 0.238 0 .056
6 0.280 0.338 -0.181 j -0.017 
1
-0.186
6A 0.285 - 0.253
|
0.037 | 0.057 - 0 .132
7 - 0.035 0.104
i
- 0.325 1 - 0.088
...... ‘ f ‘
0.339
8 - 0.265 0.389
1 .... ..— ,j—  ■ -ji■' ■1
0.187 j 0.382
1
0.111
9 0.020 0.217■
i
0.115 | 0.027 0
10 - 0.133
*
0.145 0.158
i
- 0.057 - 0.132 !
11 | 0.323
I
}
- 0.501 ! - 0,085 
!
0.199
1
- 0.279 |
1
12 j - 0.092
1
- 0.078 j 0,229 0.028 - 0.288
;
TABLE 20.
CORRELATIONS BETWEEN ANTIGENS AND BREWING PROPERTIES
    FOR THE COMBINED RESULTS. „ __
Antigen
Brewing property.
Head
Formation
Deposit
Formation
Degree of 
Attenuation
Rate of 
Attenuation Clarification.
1A 0.340 ~ 0.408 - 0.220 - 0.073 0
2 0.187 - O.O63 - 0.101 - 0.113 0.186
4 0.073 0.139 - 0.067 0.104 0.161
4A - 0.440 0.582 0.024 - 0.027 0.170
5 - 0o477 0.753 - 0.084 0.150 0.326
5A - 0.101 0.258 0.004 - 0.184 0.120
5 I 0.028 - O.O36 - O.O36 0.039 - 0.199
5 II 0.130 0.088 0.029 - 0.25
.
0
6 0.608 - 0.499
...1 — ■ ---  —i
- 0.199 ! - 0.032  
!
- 0.065
6A 0.296 - 0.154
j
- 0.172 1 - 0.064 - 
1i
- 0.09
7
i
0.425 - 0.252
iI
- 0.619 1 - 0.247
!
0.326
I
8 - 0.130
s I
0.183 ! 0.149 ! 0.243
j 1 ? !
0.081
9 - 0.047 0.192
i
0.019 | 0.053 0.056
10 - 0.266 O.493
ji
0.102 j! 0.027
l!
- 0.029
11 0.321 - 0.402
!
~ 0.259 ij -0.228Ii
i!
- 0.096
12 0.295 1 I- 0.109 - 0.124 - 0.0321 9
--------- 1--------- — j------------
0.103
T/i-bi-iii
Summary of Correlation Coefficients
i---------
SERUM ANTIGEN CORRELATION VALUE * BREWING PROPERTY
AYA j 5 - 0.637 Head Formation
----- : 0.844 Deposit Formation
11 0.36 Deposit Formation
1085 4A 0.378 Deposit Formation
5 0.515 Deposit Formation
0.416 Clarification
- 0.375 Degree of Attenuation
6 0.509 Head Formation
- 0.419 Deposit Formation
7 0.467 Head Formation
- 0.642 Degree of Attenuation
0.358 Clarification
10 0.499 Deposit Formation
- 0.376 Degree of Attenuation
1092 4 A - 0.499 Head Formation
0.512 Deposit Formation
5ii 0.395 Deposit Formation
7 0.403 Head Formation
- 0.474 Degree of Attenuation
11 0.401 Head Formation
- 0.361 Deposit Formation
1019 4 A 0.443 Deposit Formation
6 0.396 Head Formation
7 - 0.452 Degree of Attenuation
- 0.37 Rate of Attenuation
1042 4A - 0.381 Head Formation
0.512 Deposit Formation
8 0.389 Deposit Formation
0.392 Rate of Attenuation
11 - 0.501 Deposit Formation
Combined 1A - 0.408 Deposit Formation
Results 4A - 0.440 Head Formation
0. 582 Deposit Formation
5 - 0.477 Head Formation
0.753 Deposit Formation
6 0.608 i Head Formation
- 0.499 Deposit Formation
7 0.425 Head Formation
- 0.619 ! Degree of Attenuation
io' 0.493 I Deposit Formation
11 - 0.402 j
*}
Deposit Formation
* For 40 degrees of freedom
p = 0.02 = 0.358 p = 0.001 = 0.49
p = 0.01 = 0.393
Figure 12: Correlation coefficients re-ordered
by cluster analysis
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Correlation values
comes from the results obtained for rate and speed of
attenuation which, reflect differences in yeast' metabolism.
*
Cluster analysis. This was performed using the Clustan 1A 
programme of Trasi C1975) which generates the dendograms as 
part of the analysis and yields a plotted output. In this 
programme seven separate clustering methods are available 
producing seven slightly different sets of results and 
dendograms and the user may subjectively choose the method which 
apparently gives the 'best* result. Figures 13-15 show the 
dendograms from those methods of analysis producing the most 
acceptable results.. In each case five groups of yeast strains 
(cluster analysis or C.A* groups) could be distinguished and 
these are indicated on the dendograms by extended vertical lines.
*
Concordance between B.Q, groups and groups observed by antigenic 
analysis. As shown previously the original B.Q. analysis of yeast 
strains had also produced five groups and it was therefore 
considered worthwhile to compare the composition of these groups 
with, the cluster analysis (C,A,) groups revealed by the analysis 
of. the serological data. For each method of cluster analysis 
a concordance table was constructed to compare the distribution 
of yeast strains within the two sets of groupings. The results 
are shown in Tables 22-24.
Each column in the concordance table lists the number of 
strains in any one C.A, group which fell into each of the five 
B.Q. groups and similarly the rows show the distribution of one 
B.Q. group in the five cluster groups of each method of analysis.
V,
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Figure 13 Bendogram from Furthest Neighbour method
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11.5342 Figure 14 Dendogram from Ward’s method
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TABLE 22.
CONCORDANCE BETWEEN FURTHEST NEIGHBOUR
AND BREWING QUALITY GROUPS
Brewing
Quality
Groups
Furthest 
Neighbour Groups All
I 2 3 4 5 Groups
I 4 5 0 0 0 9
2 I 5 2 0 0 8
3 I I 6 0 0 8
4 2 I I I 2 7
5 0 2 0 5 3 10
A H
Groups
8 14 9 6 5 42
TABUS 25*
CONCORDANCE BETWEEN WAHPkMETHOD," AND
BREWING QUALITY GROUP.
BREWING
QUALITY
GROUPS
WARDS METHOD GROUP
1
ALL
GROUPSI 3 4 5
I 4 5 0 0 0 9
2 I 3 2 2 O 8
3 0 2 5 I 0 8 .
4 0 2 2 0 3 7
5 0 0 3 0 7 10
All
Groups 5 12 12 3 10 42
TABLE 24.
CONCORDANCE BETWEEN LANCE-WILLIAMS
3 AND BREWING QUALITY GROUPS
BREWING
QUALITY
GROUPS
LANCE-WILLIAMS p GROUPS
ALL
GROUPSI 2 3 4 5
I 4 5 0 0 0 9
2 I 4 I 2 0 8
3 0 2 5 I 0 8
4 0 3 I 0 3 7
-5 0 I 2 0 7 10
ALL
GROUPS 5 15 9 3 10 42
Initial examination of the tables showed that there did
indeed appear to be a good degree of agreement between the two
i
forms of grouping and this was confirmed by Chi squared analysis 
of the concordance tables. Table 25 lists the calculated values 
for the Chi squared analysis and demonstrates that there was a 
significant correlation between the groupings of strains 
produced from serological and non-serological data.
Antigenic composition of C.A. groups. The groups of strains 
produced by cluster analysis were then further examined to 
determine whether any antigens were selectively associated with 
any of the C.A. groups Cthe significance of such an association 
being that, since cluster analysis and principal components 
analysis had produced complementary classifications of strains, 
then antigens specific for C.A. group 1 would tend to be 
specific for B.Q. group 1 and similarly those of C.A. group 5 
would be associated with B.Q. group 5).
From the results in Tables 8-12 the average values for 
the presence of an antigen in a yeast strain were calculated 
by scoring 1 for each occasion an antiserum demonstrated this 
antigen. Thus for each antigen in each strain a score out of 
5 Cthe number of antisera) was obtained and an average value 
could be determined. These values were then employed to 
calculate the mean values for selected antigens in each C.A. 
group, by summing up the average values for all the member 
strains of that group and then determining the mean score.
Tables 26-28 list the mean scores for the presence of selected 
antigens in the C.A. groups revealed by the three chosen methods
TABLE 25
X2 VALUES FOR CONCORDANCE TABLES
CLUSTER ANALYSIS 
METHOD X2 VALUE*
FURTHEST NEIGHBOUR 47.34
WARI?S METHOD 44.1
LANCE WILLIAMS
P
48.57
* For 16 degrees of freedom
p o.oi = 32.0  
p 0.001 = 39.25
TABLE 26
Furthest neighbour groups: . means for selected antigens
Antigen
GR(1UP
1 2 3 4 5 AllGroups
1A 3.0 3.5 3.44
' CO 
00 3.6 3.6
4A 4.4 3.4 2.3 1.3 2.0 2.9
5 2.1 1.1 0.4 0.17 1.0 1.02
5ii 2.8 2.5 1.8 2.8 2.8 2.5
6 1.3 1.2 1-0 1.5 3.6 " 1. 5
7 1.8 1.4 0.7 3.8 2.4 1.8
8 1.6 1.1 2.2 0.7 1.2 1.4’
10 1.25 2.1 0.6 0.17 0.75 1.21
11 2.4 2.4 2.1 3.5* 3.6
1
2.6
TABLE 27
Lance Williams ft - means for selected antigens
GROUP
Antigen 1 2 3 4 5 A HGroups
1A 2.6 3.9 3.2 2.7 4.3 3.6
4A 4.8" 3.6 1.8 3.0 1.7 2.9
5 2.8" 1.2 0.2 1.0 0.6 1.0 .
5ii 2.8 2.6 1.8 1.7 3.0 2.5
6 0.6 1.3 1.9 0.67 2.2 1.5
7 2.2 1.4 0.8 0.67 3.3 1.8
8 1.8 1.0 2.2 2.7 0.7 1.4
10 1.2 2.0 0.7 1.7 0.4 1.2
11 2.0 2.5 2.7 1 i 34 3.5 2.6
TABLE 28
WARD'S METHOD: Means for Selected Antigens
ANTIGEN
GROUPS
1 2 3 4 5 AllGroups
1A 2.6 3.7 3.6 3.1 4.3 3.6
4A 4.8 3.7 2.3 2.6 1.3 2.9
5 2.8 1.4 0.25 1.1 0.17 1.0
5ii 2.8 2.7 1.9 2.6 2.8 2.5
6 0.6 0. 83 2.0 2.1 1.5 1.45
7 2.2 1.4 0.9 1.7 3.8 1.8
8 1.8 0.9 2.0 1.6 0.67 1.4
10 1.2 2.0 1.0 1.1 0.17 1.2
11 2.0 2.6 2.5 2.6 3.5 2.6
Mean values, that differed markedly from the mean for all 
groups were taken as indicating an association between that 
antigen and C.A. group. In Table 26 C.A. group*1 is 
characterised by antigens 4A and 5, group 4 by antigens 1A,
7 and 11 and group 5 by antigen 6. In addition some antigens 
had lower than average scores with C.A. groups, for example 
antigens 5 and 10 with group 3, and antigen 10 with group 4. 
Similar results were obtained in the analysis of the groupings 
generated by the other two methods. It is also interesting 
to note that B.Q. group 1 is composed of strains possessing
high values for deposit formation, which is associated with
S'
the presence of antigens 4A and 5, whilst B.Q5 groupis 
characterised by strains having a high value for head formation 
which is itself associated with antigen 6.
Distribution of selected antigens in B.Q. groups. As the 
computer analyses had already demonstrated agreement between 
serological and non-serological data it was considered useful 
to re-examine the data on the distribution of selected antigens 
within the B.Q. groups to confirm and amplify these results. 
From the results in Tables 8-12 the percentage of the strains 
in each B.Q. group possessing selected antigens was calculated 
separately for each antiserum and the results are shown in 
Figures 16-20.
For the antiserum against strain AYA, B.Q. group 1 
possessed the highest percentage of antigens 5 and 11 and these 
percentages progressively decreased from B.Q. group 1 to 5.
As previously noted, correlation analysis has shown that these 
antigens were associated with deposit formation which itself is 
highest in B.Q. group 1 and lowest in B.Q. group 5. For the
antiserum against N.C.Y.C. 1085 there was a reduction in the
percentage of strains having antigen 5 and 10 and an increase
i ^
in strains with antigen 6 from B.Q. group 1 to 5 which is again 
in agreement with the correlation analysis results. With the 
antiserum against N.C.Y.C. 1092 anhigens 2, 6, 7 and 11 
occurred more frequently, whilst antigens 4A, 5ii and 10 
occurred less frequently in B.Q. group 5 than they did in 
B.Q. group 1. Similarly with the antiserum against N.C.Y.C. 1042, 
antigens 6 and 11 became progressively more frequent whilst 
antigens 4A and 8 diminished in frequency from B.Q. group 1 
to 5. These results are again in agreement with the correlation 
analysis results of Table 21.
Sub-groups A and B of the five B.Q. groups were also 
characterised by differences in the frequency of the occurrence 
of antigens. Antigen 5 occurred more frequently in A sub-groups 
with the antisera against A.Y.A. and 1085 and antigens 2 and 7 
were also more frequent in the A sub-groups with the iatter 
antiserum. Correlation analysis had shown an association 
between antigens 5 and 7 and clarification, the brewing property 
largely responsible for the segregation of strains into 
sub-groups Csee Figure 5). Y7ith the other three antisera, 
antigen 5ii was present in a higher percentage of the strains 
of A sub-groups than B sub-groups. B sub-group strains tended 
to possess antigens 6 and 11 as demonstrated by the antisera 
against N.C.Y.C. 1019 and 1042,
This re-examination of the data thus confirmed the computer 
revealed associations between brewing properties and particular 
antigens and therefore tends to increase the confidence which 
might be felt in the application of these results to the 
examination of yeast strains,
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Figure 20 : Distribution of selected antigens in B.Q. groups
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General inferences from analysis of results
The reader may, at this stage, be grateful'for some 
simplified recapitulation of the main results.
The results of the presence or absence of antigens in 
extracts of 43 brewing yeast strains have, as previously 
described, been subjected to various methods of analysis to 
determine whether there was any relationship between the 
serological and non-serological classification of yeast strains 
and to confirm the analysis of the serological results by using 
several different, though related, approaches.
Principal components analysis has demonstrated a 
segregation of strains that largely conformed to the original 
B.Q. groups which, it will be recalled, were separated by head 
formation and deposit formation.
Correlation analysis has shown that certain antigens were 
associated.with, those yeast performance properties defined by 
’Walkey and Kirsop QL969). Examination of the principal 
components maps (Figures 8-11) has revealed which antigens are 
responsible for separation of strains along each eigenvector 
and these are given in Table 29. For Figure 8 the antigens 
responsible for separation along eigenvector 2 are 6 and 4A 
which have been shown by correlation analysis to be associated 
with head and deposit formation. A similar segregation occurs 
in Figures S and 10. In Figure 10 separation along the other 
vector (eigenvector 2) resulted from antigens 7 and 5, and 
antigen 7 has been shown to be positively correlated with head 
formation and negatively correlated with degree of attenuation.
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Thus, whilst segregation along one eigenvector was a result 
of antigens correlated with head and deposit formation, 
separation along the other could not be associated with any 
antigen positively associated with clarification (as antigen 7 
was only correlated with clarification with the antiserum 
against N.G.Y.C. 1085).
The cluster analysis method added further weight to the
existence of a correspondence between the results from the
serological and non-serological data since cluster analysis
(C.A.) groups were found to correlate significantly with
Brewing Quality (B.Q.) groups. Furthermore strains making up
the C.A. groups were found to possess antigens that correlation
analysis had shown to be associated with the brewing properties
defining the original B.Q. groups. It should also be noted
*
that analysis of the distribution of antigens within B.Q. 
groups has demonstrated that antigens associated with a 
property defining a B.Q. group tended to be concentrated within 
that group.
There are two general inferences that can be drawn from 
these results.
Firstly, an analysis of yeast strains by serological methods 
has produced results very similar to those from non-serological 
data, confirming that a major differentiation between brewing 
yeasts involves the properties of head and deposit formation. 
Secondly, the expression of these brewing properties is certainly 
influenced by the presence or absence of certain antigens.
The discovery of these correlations thus fulfils one of the major 
aims of this study which wras to determine whether serological
methods could be used successfully for the evaluation of 
the suitability of yeasts for brewing.
i
One area for future applications of such techniques 
could therefore be in the investigation of other yeast 
properties which it was not possible to examine in the present 
work. The recent application of knowledge of yeast 
biochemistry to the performance of yeast in fermentation is 
an area of increasing importance in brewing microbiology.
Such properties as yeast oxygen demand, ester production at 
increased specific gravity and the production and removal of 
diacetyl are all factors dependent on yeast biochemistry whose 
control is becoming of primary importance in practical brewing. 
The results obtained in the present study showing association 
between various yeast antigens and properties associated with 
yeast metabolism and the variations in antigenic pattern 
brought about by changes in environment indicate the possibility 
of applying such serological techniques to the elucidation of 
such further problems as these.
Absorption of antisera
In the next stage of this work qualitative antiserum 
absorption experiments were carried out in an attempt to further 
elucidate the antigenic structure of the yeast strains used to 
raise antisera. In addition, strains belonging to the same 
B.Q. group as those used to raise antisera but of the other 
sub-group were also examined.
Antigen extracts were prepared and immobilised on 
cyanogen bromide (CNBr) activated sepharose before being used 
to absorb each antiserum (see Materials and MetAods). The 
absorbed antisera were then analysed by immuno-electrophoresis 
using extracts both of the homologous strain and the strain used 
to absorb the antiserum. The results are shown in Tables 30-34 
which list the precipitation reactions between the treated 
antiserum and its homologous antigen following the absorption 
of the antiserum. The reaction between the absorbed antiserum 
and the antigen used in the absorption is not shown, for with 
the exception of antigen 3A, all cross-reaction was removed. 
Antigen 3A reaction was assumed to have remained because it 
was present in higher concentration than other antigens and 
had therefore been incompletely removed by absorption.
It was of interest that a comparison of the results 
obtained (Tables 30-34) with the likely results that would be 
expected using the data in Tables 8-12 (tables of antigen 
content in the extracts of 43 yeast strains as revealed by 
five separate antisera) indicated that some antigen reactions 
were being removed by absorption when previous results had 
suggested that there was no such antigen present in the 
absorbing strain.
It was thought that this unexpected removal of antigenic 
reaction was caused by the presence of antigens of differing 
electrophoretic mobility but of sufficient antigenic similarity 
to react with other components of the antiserum. Such a 
reaction could therefore explain the apparent anomaly in Table 36 
by which antisera apparently demonstrate the presence of antigens 
in heterologous strains whilst not giving homologous strain
i1046
1042
o
oCO
1019
1172
1092
1259
1085
.. 
■ - ..
1066
A
Y
A
i AB
S
O
R
B
I
N
G
A
N
T
I
G
E
N
A
Y
A
A
Y
A
A
Y
A
A
Y
A
A
Y
A
A
Y
A
A
Y
A
A
Y
A
A
Y
A
A
Y
A
.......
................
i
A
Y
A
ANTIGEN 
IN 
I
M
M
U
N
O
­
E
L
E
C
T
R
O
P
H
O
R
E
S
I
S
i i i i i i i i i i +
i i i i i i + + i i +
VI
+ r + Vi + I + + i + DO
i i i i i i i i i i + - CO
■% ID
+ ( + + + + + + + + + 3A C
i
i
i
i
i
i
i
i
!
1
i
i
i
i
i
i
i
+
i
i
+ 4 
4A
; >-3M
i o1 M :
; .a
i i
■
t
+ + + + + ! + 1 i i T cn (.
JL 4 + + *r + + + ! T T 5A
hiM
w
o
vi'
1
+
1
I
i
l
1
+
I
+
I
t
i
i
1
+
i
I
i
f
-t-
+
5i 
5ii
s
S3
w
i  >
; o
i i-3:M
1 I i 1 I I I 1 i 0 5 ! O i JSJ 
CQ
i/"
I 1 i I 1 I I I 1 + 6A s p
1 I + 1 + I + + 1 + -0 ; H O 
: H
i 1 i 1 I I I ! i i 1 CO ;o r-:
1 1 i 1 1 1 11 i 1 i I CO
1 1 i I 1 I I i i f 10
! 1 i 1 i i i I i 11
1 ! i 1 1 1 I 1 1 I
1 
12
TABLE 
30 
' 
ABSORPTION, OF 
ANTISERUM 
AGAINST 
STRAIN 
AYA
1046
I
1042
1003
1019
1172
1092
1259
1085
1066
AYA
1
A
B
SORBING
ANTIGEN
1085
1085
1085
1085
.1085
Ho
00
on
1085
1085
1085
1085
1 
10
*
5 
i
ANTIGEN 
IN 
IMMUNO­
ELECTROPHORESIS
i j
i
i
i
i
i
i
i
I
l i
i
i
i
i
i
I +
H*
H*
>
ANTIGEN 
- 
ANTIBODY 
REACTIONS 
DETECTED
i ? i i i I i i l to
i
+
i
i
i
I
i
i
i
+
l
I
i
i
i
I
i
i
i
i
•f
+
3 
3A
i
\
i
!
!
i
i
i
i
i
l
i
i
i
j
i
i
i
! •+ >
i
i
f
I
1
i
i i
\
I
i
! 1
1
i
i
I
1
1
t
5 
5A
i i
i
!
11
i
!
i
i
I
I
i
1
!
1
f
f
I
!
+
I
5i 
5ii
i
i
i
1
1
1
I
i
i
I 9
1
I
i i
1
11
+
i
6 
6A
i i I i I I 1 / *<3
i I 1 1 i I 1 I 1 00
i 1 1 1 i ! i 1 1 I 1 CD
I 1 1 1 i 1I 1 I I 1 10
i 1 I 1 i 1 1 1 1 I 1 J—1
j— J
i I 1 ! i 1 j I 1 1 12
TABLE 
31 
ABSORPTION 
OF 
ANTISERUM 
AGAINST 
NCYC 
1085
1046
1042
1003
1019
1172
1092
1259
1085
1066
AYA
A
B
S
O
R
B
I
N
G
-ANTIGEN
1092
1092
1092
1092
1092
1092
1092
1092
1092
1092
o-c
t*
ANTIGEN 
IN 
IMMUNO­
ELECTROPHORESIS
I i i i 1 i I i i + H1
i I i i ! i i ! i i r
VI
i I i i 1 I i 1 i i i to
i 1 i i 1 ! i ! i i + CO
I 1 i i I 1 + 1 i i f
3A
t-3M
I 1 i i i 1 f i i i f- am
i I i i J I i 1 i i + 4A i
> '
i
i
1
1
i
i
i
i
1
1
1
1
i
i
I
1
i
i
i
!
i
i
5 
5A
SJ 
i HM
I W
! o :
IS
r
i
i
I
!
I
s
i
i
S
i
i
!
I
i
!
1
1
i
t
5i 
5ii
! >
! O ; 
i 3^
1 o ;
! w !
IB;
\ w
0  
i H  ! M
1 o
i
i
i
!
I
I
i
i
1
!
I
I
i
!
i
1
1
I
!
i
i
s
6 
6A
+ ' 4- + ! + +
.
f ”0
1 I 1 I 4- 4- + + + CO j ;
+ 4- + 1 1 1 + + CD
+ + 1 + I 1 + i ■+ 4. + 10
1 I 1 1 I ; I1 I + ii!
1
i .
t 1 1 1 ! I I i 12
TABLE 
32 
ABSORPTION 
OF 
ANTISERUM 
AGAINST 
STRAIN 
N
C
Y
C
1
Q
9
2
1046
1042
1003
1019
1172
1092
1259
1
1085
1066
AYA f
A
B
S
O
R
B
I
N
G
^ANTIGEN
■ 
■ 
i
1019
1019
1019
1019
1019
1019
1019
1019 
j
1019 61
01 o
_o
ANTIGEN 
IN 
IMMUNO­
E
L
E
CTROPHORESIS
i l i I i i ! l i i f
i ! I I i 1 I i i l
VI
l 1 i l i > 1 i i i \ to
i I ! I i l 1 i i i t CO
+ 1 + I + i + + + i +
3A £ ; *-3M
i 1 1 i i I 1 + i ! + §
i 1 I + I 1 i i ! f* >
1
1
+
1
1 +
1
!
I
l
i
+
i
I
1
1
!
j-
i
+
i
T
/
+
5 
5A 
j
•-3JH
to
o
aKj
i
1
i
!
I
I
i
f
+
I
+
!
i
1
i
*
i
I
~ h
i
5i 
5ii
i
w  
w  
>  
! O  
: h3 
M
O
, ^
I
i
I 1
I
f
i
i
i
i
I
1
1
I
i
I
1
1
I
t
I
I
6 
6A
00
g
S t-
o
1 i i I 1 1 1 1 I -o HIw
a
+ ! + i i i i i + *r + 00
l ! 1 i ! ! 1 1 i r 1 CO
i 1 i 1 1 1 1 r i 1 f—*
o
I 1 1 i 1 1 I I i + + 11
I I i ! 1 i i i I 12
TABLE 
33 
ABSORPTION 
OP 
ANTISERUM 
AGAINST 
NCYC 
1019
1046
1042
1003
1019
1172
1092
1259
j-j
0 00
01
1
1066
AYA 
j
_
 
.. 
... ...... 
i
t
A
B
S
O
R
B
I
N
G
STRAIN
O
DO
1042
1042
1042
1042
1042
1042
1042
1042
1042
o
FN>
ANTIGEN 
IN 
IMMUNO­
ELECTROPHORESIS
1 i ! t i i t ! i + j—1
1 i 1 i i i ! i i ! + VI
1 ! 1 I I l 1 i f 1 1 to
1
+
1
1
1
4-
I
l
i
+
I
+
1
+
j
+
1
4-
1
1
+
+
3 
3A
ANTIGEN1 1 I i i I 1 i 1 I 4*
1 I 1 i i J i 1 I 4* 4A l
>
«-3
M
td
O
O
*!
i
1
!
f
i
1
i
4*
i
i
i
i
!
I
i
i
!
1
i
I
/
1
5 
• 
5A
1
!
1
I
I
4-
1
4-
i + 
i
i
i
+
-L
4* I
+
1
I
4*
+
cn
H-
cn
H*
H-
W
>
o
•-3j—i 
8
!
1
1
I
1
!
I
I
i i
i
I
I i
I
I
i
I
4-
I
6 
6A
DO
dw
3^
a
1 1 1 1 i i i 1 ! 1 l *<4 wa
1 1 1 ! i i 1 i ! I CO
] 1 1 4- + -r 1 4* 4- 4- CD
1 1 1 i i i i 1 1 i
01
S 1 1 1 i ! I 11 4- + 11
I I
i
1 1 i 1 i l 1 i 1 (_1
iso
TABLE 
34 
ABSORPTION 
OF 
ANTISERUM 
AGAINST 
NCYC 
1042
reactions. Table 35 lists these extra reactions removed which 
are not accountable for by the data in Tables 30-34.
These results may also explain why the combination of 
electrophoresis and immuno-diffusion in immuno-electrophoresis 
provides a better understanding of yeast serology than 
straightforward immuno-diffusion as it resolves components of 
similar electrophoretic mobility but differing antigenic 
structure and components which are similar antigenically but 
of differing electrophoretic mobility.
Determination of yeast strain antigenic structure
An attempt was now made to draw inferences as to the 
antigenic structure of selected yeast strains by consideration 
of O )  the data derived from immuno-electrophoresis of antigen 
extracts of 43 yeast strains (Immuno-electrophoresis of 
antigen extracts) and (b ) the data produced in the absorption 
experiments (immuno-electrophoresis using the absorbed antisera).
Immuno-electrophoresis of antigen extracts. Since the use of 
different antisera sometimes gave conflicting results on the 
presence or absence of antigens in yeast extracts, it was 
necessary to devise some rough and ready method of reconciling 
these. The method employed is unorthodox in serological work 
but is derived from that used in bacterial taxonomy by Bascomb 
(1973), and depends on probabilities.
TABLE 35
Extra Antigen Reactions Removed by Absorption
ANTIGENS LOST 
BY ABSORPTION ANTISERUM STRAIN
1A 1042
2 AYA
4A 1085 1019 1042
5A 1019
5i AYA 1085 1019 1042
6 AYA 1085
10 1092
11 1092 1042
The results of the immuno-electrophoretic analysis of 
antigens from strains AYA, N.C.Y.C. 1085, 1092,j1014 and 1042 
using homologous and heterologous antisera are presented in 
Table 36. These results apparently demonstrated the presence 
of antigens in heterologous strains which did not produce 
homologous strain reactions.
A probable antigenic structure was determined for each
strain by calculation of the probability of any given antigen
being present in a given strain from (1) the antiserum results
and C2) the strain results. Multiplication of the two
probabilities produced a further composite, probability of the
likelihood of the presence or absence of a given antigen in a
particular yeast strain. Division of the calculated likelihood
- %
by the total likelihood for that antigen with all antisera 
yielded a final probability value (Table 37) from which a semi 
subjective estimate of the most likely antigenic structure of 
the five strains was made. A probability value of>0.1 was 
taken to indicate that an antigen was likeljr to be present, 
whilst a value of >0.4 was taken to indicate that a given antigen 
was almost certainly present. Table 38 shows the most likely 
antigenic structure for the five strains, as determined by this 
method.
Immuno-eiectrophoresis using the absorbed antisera. One of the 
main reasons for carrying out antiserum absorption studies was 
to gain further information as to the antigenic structure and, 
hopefully, to confirm the results of the previous analysis.
Immuno-electrophoretic analysis using homologous and 
 ________  heterologous antisera
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Tlie antigens shown to be removed from each antiserum on 
absorption with a particular yeast strain were determined from 
the data in Tables 30-34. In this way, for each yeast strain 
five sets of results for antigen reactions lost from the 
antiserum following absorption with that yeast strain were 
obtained. These results were then combined to list the total 
range of antigen reactions lost for each strain when it was 
used to absorb the five antisera. It was assumed that removal 
of an antigen reaction by a yeast strain indicated that the 
strain carried that antigen. A table was then drawn up 
CTable 39) of the antigen reactions removed by each strain and 
this was then taken to be the antigenic structures of the 
absorbing strains.
The two methods of analysis are in general agreement, for 
strain AYA there was 100 per cent agreement, for N.C.Y.C. 1085 
68 per cent and for N.C.Y.C. 1092, 1019 and 1042 84 per cent 
agreement between the two differing antigenic structures 
produced for these strains.
Production of yeast variants
As analysis of the serological results had shown the 
association of brewing properties with certain antigens it was 
considered worthwhile to produce variants of known yeast strains 
differing in brewing properties from the parent strain and to 
examine the antigens present in extracts of these new strains. 
(See Table 40).
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TABLE 40
VARIANT YEAST STRAINS
Parent Variant
Non-head forming 
flocculent
Non-head forming 
non-flocculent
Head forming flocculent Non-head forming 
flocculent
Respiratory sufficient Respiratory deficient
Non-flocculent variant of strain AYA. A non-flocculent variant
of the flocculent strain AYA was obtained by repeated treatment
i
of cells with calcium chloride solution and separation of the 
non-f locculent fraction (see Blaterials and Methods). The 
antigenic patterns of extracts of the variant and parent strains, 
were then determined using antisera against strains AYA,
N.C.Y.C. 1085, 1092, 1019 and 1042. The results are shown in 
Table 41.
An extract of the variant non-flocculent strain tested 
with antiserum against strain AYA showed a loss of antigen 5, 
an antigen which has previously been shown to be correlated 
with flocculence (see pp 106-115). For the antiserum against 
N.C.Y.C. 1085 the antigens correlating with head formation 
(6 and 7) were present in the variant strain but absent in 
the parent. Antigens 4A and 5ii were found to be absent in the 
variant strain with the antiserum against N.C.Y.C. 1092 and 
these also are correlated with flocculence. Similar results 
were obtained with the antisera against strains N.C.Y.C. 1019 
and 1042.
Non-head forming variant of strain AYB. A non-head forming 
variant of the head forming strain AYB was isolated from a 
production fermentation. No difference was observed in the 
flocculence of the two strains or indeed in any other yeast 
behaviour with the exception of head formation. Antigen 
extracts were prepared from the variant and parent strains and 
analysed by immuno-electrophoresis using the five antisera 
previously described. The results are shown in Table 42.
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In this case, although analysis with an antiserum against
strain AYA showed a loss of antigen 5, no corresponding decrease
i
in flocculence was observed. However, analysis of the variant 
using the antisera against strains N.C.Y.C. 1085 and 1019 
showed an absence of antigen 6 which, for these antisera, has 
been shown to be correlated with head formation. Antigen 4A, 
which has been shown to be negatively correlated with head 
formation, was present in the variant but not in the parent 
strain for the antisera against N.C.Y.C. 1092, 1019 and 1042. 
These results give further confirmation of the association 
of particular antigens with head formation and deposit 
formation.
Petite mutant of strain AYA. A strain of respiratory deficient 
yeast Cpetite mutant) was isolated from a production * 
fermentation during a study on the effect of formaldehyde on 
yeast mutation and the subsequent effect of these mutants on 
fermentation. The respiratory deficient (RD) strain A was 
characterised principally by increased flocculence but was 
otherwise very similar to the parent strain (see Tables 54-56).
Antigen extracts were prepared of RD strain A and 
analysed by immuno-electrophoresis using the five antisera 
previously described. The results are shown in Table 43.
The antigenic pattern of RD strain A was characterised 
mainly by a loss of antigens normally found in the parent strain. 
With the antisera against strains AYA and N.C.Y.C. 1085, 
antigen 5 was observed and this has been shown to be correlated 
with flocculence. Antigen 7 was found to be present with the 
antiserum against N.C.Y.C. 1019 in the RD mutant and this
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antigen is negatively associated with the rate of attenuation;
the RD strain A was observed to ferment faster than the parent
i
strain.
Alteration in the yeast's metabolic state either by 
oxygenation, alteration in fermentation conditions or time 
of sampling has already been shown to alter antigenic pattern 
(see pp 80-86). It was therefore not surprising to encounter 
a major alteration in antigenic patterns with the RD strain, as 
such strains are known to have significantly altered metabolisms-.
Further investigations into the antigenic structure of 
RD mutant strains may demonstrate that some of these lost 
antigens could represent the enzymes which had been lost by such 
strains. »
These results with mutant and variant yeast strains 
afford the interesting possibility of applying the technique 
for the general monitoring of yeast populations for variations 
or mutations either spontaneous, or induced by minor changes 
in wort composition pitching method or other factors. This 
could thus give early warning of imminent changes in antigenic 
make up which would be likely to be accompanied by changes in 
yeast behaviour.
Physico-chemical nature of antigen extracts from strain AYA
It was considered fruitful to complete the serological 
analysis of the antigen extract from strain AYA with a physical 
and chemical examination. It was hoped that further information 
concerning the nature and source of the extract would thus be 
obtained.
Specific staining. Washed and dried immuno-electrophoresis 
plates of extracts of strain AYA were stained for protein, 
glycoprotein, liproprotein and nucleic acid (see Materials and 
Methods). The results are shown in Table 44. The staining 
methods employed were chosen as being the most likely to react 
with the individual antigens present in the extracts.
* •
As might have been expected, all precipitate lines stained 
with protein, since they contained immunoglobulin. Otherwise, 
only the glycoprotein stain reacted at all and only with 
antigens 1, 3, 3A and 4. No reaction was observed with the 
lipoprotein or nucleic acid stains.
Ammonium- sulphate fractionation. Sequential additions of 
ammonium sulphate were made to an antigen extract of strain AYA 
so as to produce 20, 40, 60 and 80 per cent saturation. The 
purpose of this treatment was to observe the saturation value 
at which total precipitation occurred and also to determine 
whether ammonium sulphate fractionation could be used to 
selectively precipitate particular antigens. The results in 
Table 44 list the antigens precipitated at each saturation 
value and shows that the majority of antigens were precipitated 
by 80 per cent saturation by ammonium sulphate. These results
differ somewhat from those of Biguet erb al. (1960) who in
studies with C .albicans reported complete precipitation at
i
60 per cent saturation.
It seems likely that the precipitation of antigen 3 and 
3A, which occurred at all saturation values, arose from the 
relatively larger amounts present of these antigens compared 
to the other antigens. Moreover, a partial purification of 
the antigen extract could well be obtained by removing some of 
the common antigens, particularly 1 , 3  and 3A, thus allowing 
greater resolution of the remaining antigens.
Source of yeast antigens. The extraction process used to 
produce the yeast extracts relied on cell grinding and 
autolysis to liberate soluble antigens. It was therefore felt 
to be important to gain some information on the location of 
these antigens, particularly whether they were wholly or 
partially derived from the yeast cell wall or from intracellular 
components. Marker materials for yeast cell walls (the enzymes 
invertase and acid phosphatase) and for intra-celiular 
components (the enzyme hexokinase and yeast R.N.A.), Wiseman 
CL976) were assayed in an extract of strain AYA. Table 46 
lists the values obtained for the specific enzyme activities 
(activity per mg. extract protein) and also of the R.N.A. conten 
of the antigen extract. The presence of the chosen marker 
materials for both cell wall ana intra-cellular components 
indicates that the antigen material is derived from both 
sources. These results and those for the specific staining 
of the immuno-precipitates leave much to be desired: 
considerable further studies should be made on this antigen 
material in view of its demonstrated connection with ye&st 
properties.
TABLE 44
Specific Staining of Inmuuio-Precipitation
Stain
Antigens Taking Up Stain
I IA 2 3 3A 4 4A 5 5A 5i 5ii 6 6A 7
Protein + + + + + + + + + + + + + +
Glyco-
Protein + — - + + + ~
Lipoprotein
Nucleic
Acid
+ = indicates stain taken up 
- = indicates stain not taken up
TABLE 45
Ammonium sulphate fractionation of antigens from AYA
1°
Saturation
Antigens Present In 
Various Fractions
I IA 2 3 3A 4 4A 5 5A 5i 5ii 6 6A
/
7
0-20 - - - + +
20-40 + - - +
i
+
40-60 + - - + +
60-80 + + - + + + + + - - + + — +
Residue + — - - + - + — + - -  .. - -
TABLE 46
Enzyme and RNA levels in an extract of AYA
Concentration *
Acid Phosphatase 0.112 units/mg protein
Alkaline Phosphatase 0.77 units/mg protein
Invertase 7,100 units/mg protein
Hexokinase 4.92 units/mg protein
RNA 47.5 J\?g/mg protein
* enzyme activities as defined in original 
references
SECTION II
Development of Respiratory Deficient mutknts
As has been described in the Introduction, the problem 
of yeast mutation is one of considerable practical importance 
in breweries. Attention has been focussed recently on mutation 
to the RD form and at the time the present studies were carried 
out such variants were readily detectable in the brewery yeast 
examined. The results presented here are of the second major 
part of this study which was concerned with the nature, 
induction and effects of RD yeasts in the brewery situation.
One of the major aims of the serological studies was to 
investigate the use of serological methods in the detection of 
yeast mutation and variation. The studies on RD mutation, in 
addition to providing information on this particular type of 
yeast variation, would also, it was hoped, provide data which 
could be related to the serologica.1 studies reported in the 
first section of the results.
Production and Pilot scale fermentations. Strain AYA was 
carried through two series of five successive production 
fermentations which involved concentrations of 100 and 150 ppm 
formaldehyde added at the beginning of mashing. These results 
(Table 47) show the pattern of development of respiratory 
deficient mutants; fermentations with 150 ppm formaldehyde 
at mashing produced much higher amounts of mutation in yeast 
than did fermentations at 100 ppm formaldehyde. In pilot 
scale fermentations of hopped wort with 100 ppm formaldehyde 
at mashing there was a similar development of mutants (Table 48
TABLE 47
Respiratory-Deficient Mutant percentages in Yeast 
from Production Fermentations
FERMENTATION
NO.
FORMALDEHYDE ADDITION TO MASH
150 ppm 100 ppm
1 1.0% 1.0%
2 2.0% 1.05%
3 16.7% 1.9% i
4 27.4% 2.3%
5 24.4% 2.6%
TABLE 48
Respiratory-Deficient Mutant percentages in Yeast 
from Pilot Fermentations
FERMENTATION NO. MUTANT %
1 1.74
2 1.31
3 1.80
4 24.2
5 4.5
6 2.9
7 3.0
.8 6.04
9 8.67
The high value for mutant concentration in the yeast obtained 
for the fourth sequentia.1 fermentation in the pilot and 150 ppm
i
formaldehyde production fermentations is interesting but 
apparently anomalous. This may result from a combination of 
circumstances, namely, the significant differences in sedimentation 
rates between some mutants and the parent strain and the method 
of yeast harvesting in cylindro-conical fermentations. In the 
yeast harvesting procedures for these fermentations the yeast 
at the very bottom of the cone is discarded and not used for 
the following fermentation. Thus, it is likely that by the 
fourth fermentation the concentration of mutants was such that 
a very high percentage had settled out quickly. Therefore, 
by the fifth fermentation it is probable to expect even more 
rapid sedimentation, but such that a higher concentration of 
mutants would have been drawn off in the discarded yeast.
By this mechanism, the levels found in pitching yeast from the 
fifth fermentation would have been lower than from the fourth.
Laboratory fermentations. The production of mutants in six 
sequential laboratory fermentations of hopped wort prepared 
from a mash with 150 ppm is shown in Figure 21 and was slower 
than that obtained on the production scale, due perhaps to 
greater selection of more sedimentary yeasts in production 
and pilot scale fermentations. However, when an additional 
5 ppm formaldehyde was added (just before fermentation) there 
was a much higher rate of mutant increase reacting 23.5 per 
cent at the sixth fermentation.
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FIGURE 21
L a b o ra to ry  fe rm e n ta tio n s  -  m utan t p ro d u c tio n  in
su ccess ive  fe rm e n ta tio n  a le  y e a s t A
° — 0 —0  M ash ed  w ith  150 ppm  
F o rm a ld e h y d e
20
5 ppm  F o rm a ld e h y d e  
a t fe rm e n ta tio n  "i
o— □— □ F o rm a ld e h y d e  
f r e e1 5 -
F e rm e n ta t io n  N o .
The results of similar laboratory fermentations using ale
yeast AYB and lager yeast LYA are depicted in Figures 22 and
i
23. Strain AYB reacted similarly to AYA except that the rate 
of mutant increase was slower. When lager yeast strain LYA 
was used there was again a similar increase in mutant level in 
the formaldehyde-treated worts. However, in contrast to the 
ale yeast strains there was.a significant increase in the 
base level of mutants in the formaldehyde-free control 
fermentations. This accords with the findings of GyHang and 
Martinsson 0-971) who showed that respiratory deficient mutants 
could develop in formaldehyde-free fermentations in tall tubes.
Time of formaldehyde addition to mash. Formaldehyde (150 ppm) 
was added to laboratory mashes to give contact times of 0, 40,
100 and 125 minutes and the resulting hopped worts used for 
eight successive fermentations with strain AYA. The production 
of mutants in these fermentations is shown in Table 49. The 
effect of the formaldehyde can be seen to be greatest when the 
contact time was the longest, this is the normal procedure for 
mashing. Final mutant levels after eight successive 
fermentations were 4.0, 5.4, 5.7 and 14.4 per cent for contact 
times of 0, 40, 100 and 125 minutes respectively.
Additions other than formaldehyde. The effect of the addition 
of acetaldehyde to worts was examined i n ‘order to investigate 
the possibility that an aldehyde group might be responsible for 
the mutation. Acetaldehyde was added to formaldehyde-free wort 
just before inoculation with strain AYA; control experiments, 
in which formaldehyde was added and in which no additions were 
made, were also conducted. The results are presented in Table 50 
and show that after eight successive fermentations 10 ppm
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FIGURE 22
L a b o ra to ry  fe rm e n ta tio n s  -  m u tan t p ro d u c tio n  in  
su c cess ive  fe rm e n ta tio n s  a le  y e a s t B
20 “
O— O— O M ash ed  w ith  150 ppm  F o rm a ld e h y d e  
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FIGURE 23
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50
formaldehyde had resulted in 8.8 per cent respiratory deficient 
mutants and 5 ppm had resulted in 1.9 per cent respiratory 
deficient mutants. After eight successive fermentations with 
5 and 10 ppm acetaldehyde, the level of respiratory deficient 
mutants was 1 per cent, the same as in the formaldehyde-free 
control.
Mutagenic activity of formaldehyde
Effect of medium. Eight successive fermentations with strain 
AYA were carried out in a synthetic medium, yeast nitrogen base 
(YNB) and in hopped wort, both containing 0, 5 and 10 ppm 
formaldehyde. The development of respiratory deficient (RD) 
mutants (see Table 51) was much slower and less marked in the 
fermentation of YNB. After eight successive fermentations the 
percentage of mutants from 5 and 10 ppm formaldehyde Yl^ B 
fermentations was 1.5 per cent and 1.65 per cent respectively, 
whilst from the equivalent hopped wort fermentations it was 
1.9 per cent and 8.8 per cent respectively. The direct 
mutagenic effect was thus increased by treatment of a complex 
medium containing organic nitrogen.
Direct addition to yeast. In order to determine whether 
formaldehyde had any direct mutagenic activity on resting 
yeast cells, formaldehyde was added to suspensions of strain AYA 
in saline and levels of RD mutants determined after incubation. 
The results in Table 52 demonstrate that formaldehyde has no 
direct effect on resting yeast cells, as levels of RD mutants 
remained similar in the treated and untreated cells. These 
results complement those of the previous section and show that 
formaldehyde primarily affects cells which are actively 
fermenting.
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TABLE 52 i
Direct addition of formaldehyde to yeast
% of respiratory deficient mutants 
after incubation with formaldehyde
Formaldehyde
concentration
(ppm)
Contact time (Hours)
0 4 24 48
0 0 1.25 2.45 2.82
.
5 0 1.8 2.13 3.58
10 0 2.56 2.14 3.51
neat stapility ot mutagen. As part of the investigation into
the mutagenic activity of formaldehyde which was believed to be
as a result of the formation of a mutagen, the heat stability
of such a mutagen was examined. Eight successive fermentations
with strain AYA were carried out in hopped wort which had been
boiled down and reconstituted with distilled water three times *
before use. The results are shown in Table 53.
Similar levels of RD mutants were obtained from the heat- 
treated and non-heated hopped wort fermentations; demonstrating 
that a heat stable mutagen was present, since any free 
formaldehyde would have been driven off by the heat treatment.
Dialysis of hopped wort. The molecular weight of the mutagen
formed when formaldehyde was added to a mash was determined by
*
dialysing hopped wort for either 16 or 41 hours, followed by 
fermentation of the dialysed wort to determine the mutagenic 
activity remaining. Figure 24 shows levels of RD mutants obtained 
in fermentations of dialysed and non-dialysed worts. A loss 
of mutagenic activity occurred on dialysis of hopped wort 
indicating that the mutagen had a molecular weight of less 
than 10,000.
Ion-exchange chromatography of hopped wort. Since the previous 
experiments had revealed something of the physical nature of 
the mutagen, it was considered worthwhile to try and separate 
it by ion-exchange chromatography. Acidified hopped wort was 
passed down a column of Dowex 50x-8 ion-exchange resin and then 
sequentially fermented with strain AYA. Water and ammonia eluates 
from the column were used to prepare artificial media (see 
Materials and Methods) and also sequentially fermented with 
strain AYA. Levels of RD mutants obtained are shown in Figure 25.
TABLE 53
Percentage of respiratory deficient mutants obtained after 
fermentation of beat treated and non-heat treated hopped worts
WORT TYPE
Fermentation No.
1 2 3 4 5 6 7 8
Heat treated 1.2 0.8 1.17 2.12 1.82 2.4
%
3.84 5.26
Non-Heat
treated
1.1 1.4 1.3 2.4 2.6 2.83 4.2 5.8
FIGURE 24
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The hopped wort can be seen to have lost its mutagenic activity 
after passage down the ion-exchange column. No mutagenic 
activity could be detected in the distilled water eluate, but 
the ammonia eluate was found to have a similar mutagenic 
activity to the control fermentation. The mutagen was therefore 
acidic in nature and could be separated from the hopped wort, 
which presented the possibility of further investigation into 
its chemical composition.
Fermentation of formaldehyde-free hopped wort with lager 
yeast LYA had previously been shown to result in considerable 
levels of RD mutants Csee Figure 23). Formaldehyde-free 
hopped wort was therefore treated with ion-exchange resin as 
described previously and then used, for successive fermentations 
with strain LYA. As in the previous experiment the mutagenic 
activity was lost after passage through the ion-exchange 
resin but could be recovered in the ammonia eluate (see Figure 
26). This indicates that a mutagen is present as a normal 
component of the mash but in too small a concentration to affect 
the ale yeast strains.
Production of mutagen from other substrates. It was felt 
worthwhile to investigate the production of the mutagen on other 
nitrogenous substrates to determine whether the reaction was 
specific for hopped wort and also if other substrates could be 
used to produce the mutagen for a more complete chemical 
analysis. A peptone solution was treated with 150 ppm 
formaldehyde and then incorporated into a fermentation medium 
for successive fermentation with strain AYA. The results in 
Figure 27 show that formaldehyde treatment of peptone can produce 
this mutagen as the level of RD mutants in the treated series
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was 7 per cent after eight fermentations compared to 1.8 per 
cent for the formaldehyde—free control. 1
The effects of malt type and mashing conditions on
mutagen formation were examined by carrying out temperature
programmed and iso-thermal mashes of ale and lager malts and
fermenting the resulting hopped worts. Table 54 lists the
concentration of total soluble nitrogen (TSN) and£-amino
nitrogen (AAN) obtained in hopped worts from these mashes.
Figures 28 and 29 show the development of RD mutants in
fermentations of temperature programmed and iso-thermal mash
derived hopped worts respectively. In Figure 28 the maximum
mutant concentration C8.3 per cent) was obtained with the
hopped wort with the highest level of TSN and AAN. A similar
%
result occurred in the second experiment (Figure 29), but in 
this case the highest level of mutants was seen in fermentation 
of the lager malt hopped wort which had the highest level of TSN 
and AAN. Both malt type and mashing conditions can affect the 
mutagenic potential of a wort by releasing differing amounts 
of substrate for formaldehyde to act upon.
Characterisation of RD mutants of strain AYA
Isolates of RD mutants of strain AYA were obtained from 
production and laboratory fermentations and characterised by 
the procedures described in Materials and Methods.
TABLE 54
Influence of malt type and mashing conditions on wort
nitrogen
MALT TYPE MASHING CONDITIONS WORT NITROGEN mg/100ml
Total Soluble 
Nitrogen
JL-amino nitrogen
Ale Temperature
programmed
71.5 32.8
%
Lager Temperature
programmed
64.3 26.8
Ale Iso-thermal 53.0 21.5
Lager Iso-thermal
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Growtb, rate. Determinations of the growth rates of strains of
RD mutants of AYA were carried out using the method of Thorne
i
C1967). The results are shown in Table 55. The values for 
the mutant strains, with the exception of isolates E and F, were 
generally lower than those of the parent strain. These
V  , /
results are in agreement with those of Silhankova et al. (1970a) 
who also found that RD mutant strains possessed lower growth 
rates than the parent strains.
Sedimentation ability. Sedimentation curves of yeast in 
fermented wort were plotted according to the method of Woof 
C1962) and from them values of Terminal Time and Terminal Count 
obtained. These values were then used to calculate the 
sedimentation co-efficient of the yeast strains using a 
modification of the method of Greehshields et al. (1974).
Table 56 lists the values of Terminal Time and Count and 
sedimentation co-efficient for the mutant strains and the 
parent strain, AYA. All mutant strains were found to be more 
sedimentary than the parent strain, therefore explaining 
the variation in mutant content of. yeast in production and 
pilot scale fermentation described previously. These results 
concur with those of Gyllang and Martinsson (1971) who observed 
that RD strains could be more sedimentary than the parent strains.
Fermentation performance. The fermentation times of ten isolates 
of RD mutants of strain AYA are shown in Table 57. Strains A 
and B were felt to offer some promise as brewing strains since 
their growth rates were less than that of the parent, fermentation 
times were similar and their increased sedimentary ability 
could offer significant advantages in cylindro-conical 
fermentations. With the exception of RD strains A and B these
TABLE 55
Growth, constants of respiratory deficient
mutants of strain AYA
YEAST STRAIN GROWTH CONSTANT
AYA 0.1623
A 0.1235
B 0.1524
C 0.1501
D 0.1203
E 0.2320
F 0.1649
G 0.1266
H 0.1090
I 0.1335
J 0.1562
' K 0.1024
TABLE 56
Sedimentation ability of yeast strain
YEAST
STRAIN
TERMINAL 
TIME CHOURS)
TERMINAL 
COUNT 
(x 10 /ml)
SEDIMENTATION
COEFFICIENT
AYA
A
B
C
D
E
F
Ct
H
I
J
K
9.0
2.0 
6.8
6.5
5.6 
7.1 
4.0 
6.5
4.8 
4.4 
4.15
4.8
10.0
3.75
4.6
3.6 
3.5
3.4
5.0 
2.9
5.0
4.5
4.5
4.5
0.10 
0.45 
0.12 
0.13 
0.16 
0.12 
0.20 
0.14 
0.16 
0.18 
0.20 
0.17
TABLE 57
Fermentation times of respiratory deficient yeast
strains
YEAST STRAIN FERMENTATION 
TIME (HOURS)
Parent 40
A 38
B 41
D 47
E 59
F 58
G 58
E 52
I 51.5
J 41 !!I
K
1
52 1 
!1t
------- -;------------ 1
results are in general agreement with those of Silhankova el: al. 
(1970a) who reported that RD strains had a slower fermentation 
rate than the parent culture.
RD strains A and B were further examined by fermentation
in 10 L of hopped wort in model cylindro-conical vessels to
determine more completely their fermentation performance.
The results for these two yeasts and the parent strain are
given in Table 58. The two mutant strains behaved similarly
in fermentation to the parent strain with the exception that
the reduced growth of the mutant strains resulted in beers of
slightly higher pH and AAN levels. Although levels of sugars
in the final beers were similar, there were considerable
* -
variations in fusel alcohol production, the mutant strains
tending to produce lower levels of these secondary metabolites
(with the exception of n-propanol). These results are again in
^ s s
general agreement with those of Silhankova et al. with the 
exception that maltotriose fermentation has occurred with both 
parent and mutant strains. Levels of diacetvl were similar 
in both parent and mutant strain derived beers, thus refuting 
the criticisms of Czarnecki and Van Engel (1959) who felt that 
RD mutants were unsuitable for fermentations due to the large 
amounts of diacetyl they produced.
Fermentation performance of yeast strains
YEAST STRAIN
AYA MUTANT A MUTANT B
Fermentation time (Hours) 48 42 43
Spirit yield.
(mg Ethanol/100 ml/degree 
fermented)
102.6 103 103.7
Final pH 3.83 4.03 3.93
alpha amino nitrogen mg/100ml 
at start of fermentation 
at end of fermentation
12.2
2.1
10.3
2.3
13.2
2.4
Yeast produced 
(L/L of wort fermented)
0.053 0.036 0.035
Sugar levels in final beer
g/100ml
Fructose
Glucose
Sucrose
Maltose
Maltotriose
Maltotetrose.
0.012
NIL
NIL
0.075
0.139
NIL
0.016
NIL
NIL
0.074
0.154
NIL
0.012
NIL
NIL
0.074
0.142
NIL
Fusel alcohols in final beer
ppm
Acetaldehyde 
Acetone 
Ethyl acetate 
n-Propanol 
iso-Butanol 
Amyl Alcohol 
jB-Phenyl Ethanol 
Di-acetyl
4.3
i r\ x . w
11.5
12.9
44.1 
119.8
44.2 
0.11
J
1.2
0.7
4.3
20.8
48.3
76.1
28.1 
0.12
1.7
0.7
5.3
19.7
47.3
81.4 
31.2
0.115
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SECTION I r
Serological examination of S .cerevisiae
Preliminary experiments
It is first necessary to evaluate and comment on some 
aspects of the methodology employed in the serological work.
Production of antisera and antigen extracts. The response of 
experimental animals to suspensions of fungal materials is 
varied and has made the production of precipitating antisera 
for immuno-electrophoresis difficult. These problems can be 
exacerbated with filamentous fungi whose physical nature can 
cause blockage of blood capillaries. Fortunately brewing yeasts 
are non-filamentous and the major problem in raising antisera 
against tkem is to ensure a good serological response in the 
experimental animal.
Although, numerous workers have produced agglutinating 
antisera against strains of the genus Saccharomyces, there is 
little information on the best method for production of 
precipitating antisera against these yeasts. The procedure 
chosen to produce antigen extracts of the strains (that of 
ethyl acetate extraction of hand ground lyophilised cells) was 
employed as, not only did it give the best results, but the 
extraction could be carried out without the necessity for 
costly mechanical yeast disruption apparatus. The precise 
function of ethyl acetate in the extraction of antigens is 
unknown but could well be connected with the more rapid autolysis 
that occurs in the presence of this and other organic solvents 
such as chloroform and toluene.
m e  immunisation p r u c e u u x t ;  c i i u a c i x i  ^ r t i p e i i L c u  m j c u u i u u  x » x  
antigen in Freund’s incomplete adjuvant) was the one found to 
yield the greatest number of lines of precipitation on 
subsequent analysis of the antiserum by immuiio-electrophoresis 
Similar immunisation procedures were shown by Biguet et al. 
Cl959a, b, 1960 and 1962) to be effective in producing 
precipitating antisera against strains of Candida.
Immuno-eiectrophoresis. An agar concentration of 1.0% w/v in 
a pH 7.6 phosphate buffer of ionicity 0.025 was found to give 
the optimum results for immuno—electrophoresis. One of the 
major problems in interpreting immuno-eiectrophoresis results 
was that of correctly identifying each precipitate arc such 
that their relative positions were not confused. By using 
standardised conditions which were rigidly adhered to,
% '
inaccuracies resulting from experimental error (for example, 
due to variation in agar thickness on the slide) could be 
minimised. The identification of antigens by the observation 
of their relative mobilities could then be made with more 
confidence, but it must be appreciated that mis-identification 
must sometimes have occurred. In the present work it was not 
always possible-to ensure thatthe correct identification was 
made and this in part led to the necessity for the use of 
statistical methods for the evaluation of the serological 
results.
When further confirmation of the identity of antigens 
from different sources is required, a mono-specific antiserum 
could perhaps be prepared against a pure antigen. The partial 
purification of antigens that was shown to occur during 
ammonium sulphate fractionation, followed perhaps by 
preparative electrophoresis, could be applied to the production 
of pure antigens for use in this type of investigation. It was 
not however possible with the time available to pursue this 
line of investigation further in the present work.
An alternative approach where several antigens are 
involved is to allow them the opportunity to fuse during the 
diffusion phase of immuno-electrophoresis and thus demonstrate 
serological identity. The antigen samples would be placed in 
adjacent wells, spaced sufficiently far apart that they do not 
come into contact immediately the electrophoretic separation 
has occurred. As diffusion and precipitation continues 
antigens showing a high degree of immunological similarity 
but possibly differing electrophoretic mobility will demonstrate 
this by fusing their precipitate arcs. The arcs of dissimilar 
antigens will cross each other and not fuse. Such extensions 
of the immuno-electrophoresis technique were not used in the 
present study but could well find application in the study of 
mutation to discover whether antigens were displaced rather 
than lost and also in general investigations into the 
serological relationships of different yeasts.
Serological examination of brewing strains
Association of yeast antigens with brewing properties. One of
i
the main aims of the present work was to investigate the 
relationship of antigenic structure with brewing properties 
and, thus, the potential use of serology in yeast strain 
evaluation. The increased use of pure culture fermentations 
in modern brewing and the different conditions under which the 
yeast is expected to act have altered the properties required 
in a yeast strain. In general, yeasts are required which 
combine the desirable properties of a number of strains but 
leave, out those undesirable ones. It might be thought that 
such a strain could best be obtained by the use of genetic 
manipulation either by controlled hybridisation or, at least, 
by speculative mutation. However, there have been few reports 
of successful genetic manipulations of yeast strains and this 
lack of success is probably due to two main factors. Firstly, 
many brewing yeasts are polyploid or aneurploid and sporulate 
poorly or not at all. Secondly, no suitable rapid screening 
method ie available to examine the large numbers of hybrids 
produced in genetic studies or mutants produced in mutation 
programmes. Kleyn and Hough C1971) included flocculation, 
fermentation rate and limit, maltose, maitotriose and dextrin 
fermentation among the yeast properties which had been shown 
to be under genetic control. The degree of success obtained 
in the present work in associating yeast antigens with specific 
brewing properties would provide a powerful supplementary tool 
for the characterisation of yeast strains. As many of the 
desirable yeast properties have already been shown to be under 
genetic control one important use of a successful serological 
technique would be in the screening of large numbers of yeast 
strains (generated by genetic manipulation) for the most 
suitable combination of brewing properties.
In the present work various associations between yeast 
antigenic structure and the expression of certain brewing 
properties (head formation, deposit formation, degree of 
attenuation, rate of attenuation and clarification) were 
examined. Significant associations were demonstrated between 
all.of these brewing properties and antigenic structure and 
these are summarised in Table 59. The highest correlations 
were for antigens 6 and 7 with head formation and antigens 
4A and 5 with deposit formation.
These findings are in general agreement with, but go 
further than, those of Thompson and Cameron C1971) who, by 
immuno-fluorescence, were able to detect differences between 
head forming and sedimentary strains. However, Thompson and 
Cameroon were not able to differentiate strains within^the 
two groups they defined and concluded that these two groups 
were each, as far as their technique could demonstrate, 
homogenous.
In this investigation considerable variation in antigenic 
composition was observed in both the head forming and deposit 
forming groups, whichpresumably , would not have been 
demonstrated had immuno-fluorescence been used. It is evident 
that the high sensitivity of the immuno-electrophoretic 
analysis technique has revealed fine differences in yeast 
antigens which would not be observable by immuno-fluorescence. 
This variation in antigen content in the head forming and 
deposit forming groups can be seen most clearly when the 
distribution of selected antigens in the strains of the five 
B.Q. groups is examined. Antigens shown to be associated with 
head formation (antigens 6, 7) are more prevalent in B.Q. 
group 5 than in group 1, whilst antigens associated with depos
o
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formation (numbers 5 and 4A) are more common in group 1 than 
in group 5. It will be recalled that B.Q. group 1 was 
composed of deposit forming yeasts that produced little head, 
whereas group 5 strains were characterised by head formation 
and did not produce a deposit. Variation in particular 
antigens, for example 5 and 7, was also observed between 
strains belonging to sub-group A and B (see Tables 16-20).
The major segregation into these two sub-groups was on the 
basis of clarification.
The major segregation of yeast strains shown by both 
serological and non-serological analysis methods in the 
present study was between head forming and deposit forming 
strains. These two characters tend to be exclusive in some 
strains, thus B.Q. group 1 strains have a high test value 
for deposit formation whilst B.Q. group 5 strains have the 
opposite; the scores are reversed for head formation. In such 
casespresence of an antigen associated with deposit formation 
is normally accompanied by the lack of antigens associated 
with head formation and indicates that the yeast is a non- 
head forming flocculent strain. The B.Q. principal components 
analysis of yeast strains also revealed groups between these 
two extremes CFigures 3 and 4) having intermediate test values 
for head and deposit formation. Such groups are characterised 
by possessing strains demonstrating both the antigens 
associated with head formation and deposit formation. Thus 
for these two properties, possession of both sets of associated 
antigens would indicate medium expression of the character, 
whilst possession of only one set of associated antigens would 
suggest strong expression of that property only.
In the present study some limitations on the associations
which could, be made between yeast antigenic structure and
i
brewing properties ensued from the use of the N.C.Y.C. 
classification system (Walkey and Kirsop, 1969) in which five 
brewing properties only were assessed. However, sufficient 
associations were observed between yeast performance properties 
and antigenic patterns to suggest that serological methods 
could indeed be of use in the evaluation of brewing yeast. 
Extended application of this technique could be made if other 
yeast properties such as oxygen demand, fusel alcohol 
production, ethanol tolerance and nitrogen requirements were 
available for inclusion in the analysis. Such information 
could only be obtained by systematically widening the initial 
yeast classification used in the present work to include these 
extra yeast properties.
Variation in yeast antigens during changes in fermentation 
conditions. Considerable differences are often noted in the 
performance of the same yeast strain from brewery to brewery. 
This can only be due to the modifying influence of two 
factors: wort composition and process parameters. The results 
of-changes in some of these fermentation conditions on the 
antigenic patterns of the resulting yeast were studied in order 
to indicate their magnitude and whether serological methods 
might be of- use in the monitoring of the response of yeast to 
its environment.
Considerable variations in the antigenic pattern in 
extracts of strain AYA were observed both during the course of 
a fermentation and when fermentation conditions'were altered. 
During its lag phase, whilst oxygen was being taken up, AYA 
was shown to lack antigens 2, 5, 5a, 5i, 5ii, 6A and 1. Some 
of these antigens (2, 5 and 5a) were regained when the yeast 
passed from the log phase of growth into stationary phase, 
but the full complement of antigens was not shown until- several 
hours after this. The reappearance of antigen 5, which has 
been shown to be connected with flocculence, did not occur 
until the cells became flocculent, thus lending strength to the 
association demonstrated earlier. No doubt had extracts from 
cells of either the lag or log periods of growth been used in 
the inoculation of rabbits, then extracts from these phases 
would have demonstrated the presence of greater numbers of 
antigens, indicating that yeast in the lag phase may have 
characteristic antigens which later disappear.
{ '
The adaptation of strain AYA to lower fermentation 
temperature was demonstrated by the return to normal of the 
yeast antigenic pattern, whilst the failure to adapt to 
temperatures of 37°C and above was shown by a.loss of nearly 
all antigens, followed shortly by cessation of fermentation. 
Alterations in levels of wort oxygenation and assimilable 
nitrogen also led to variations in the antigenic pattern 
demonstrable in yeasts fermented under these conditions. A 
similar la.ck of antigens was seen in a sample of yeast growing 
aerobically in wort Cl’igure 7, 15 hours after inoculation) to 
that observed in yeast under continuous aeration (Table 4).
Such results demonstrate that variations in antigenic 
patterns occur within a single yeast strain in response to 
changes in environmental conditions. Campbell jet al. (1S68) 
concluded that the antigenic structure of yeast strains would 
be unaffected by the age of the culture, nature of the media
used and the floccuience or sensitivity of the organism to
finings. Cowland (1968), however, considered that the 
physiological state of the yeast cell would affect antigenicity, 
an observation supported by the results from the present work.
The apparent loss of antigens reported here resulted from 
changes in the environmental conditions of the yeast. If 
antisera had been prepared against strains grown under such 
atypical conditions, thenea different set of antigens might 
have been revealed which would have reflected these changes.
Three main conclusions may be drawn from these results:
1. Considerable variation in yeast antigenic patterns may be
observed after changes in cultural conditions.
2. These changes could well be used to monitor the reaction 
of a yeast strain to variations in wort composition and 
process conditions,
3. Since it was possible to observe differences dependent
on cultural conditions within a single strain and as such 
variations are liable to occur in all industrial 
fermentation, these variations will probably be reflected 
in changes in the serological patterns of the cultural 
organisms in much the same way as was observed in strain 
AYA. Such changes could well be investigated and 
monitored in a similar manner to that reported in the 
present work and the variations possible related to 
differences in fermentation performance and thus ultimately 
product quality.
properties
The associations demonstrated between brewing properties 
and yeast antigens suggested the possibility that serological 
methods could be used in the examination of variant strains 
of yeast. Variant strains of yeast differing in brewing 
properties from the parent strain were produced and their 
antigens analysed in order to act as a cross-check on the 
findings linking yeast antigens and brewing properties 
described in the present work and to determine whether 
serological methods might be of use in the study of yeast 
variants.
When variant strains of yeast were produced differing 
in selected brewing properties from the parents, these
* -
differences were reflected in changes in yeast antigenic 
pattern. Selection in strain AYA to yield a non-flocculent 
variant was accompanied by a loss of antigen 5 as revealed 
by one antiserum and of antigens 4Aand 5ii, as revealed by 
other antisera; each of these antigens had been shown to be 
associated with flocculence CTable 21).
Similarly with AYB, a head forming yeast, loss of this 
character was accompanied by the loss of antigens associated 
with head formation Cantigens 6 and 7) (Table 21).
Thorne (1951) and Jeffery (1956) observed mutation in 
brewing yeast that resulted in a loss of flocculence and 
considerable mutation in continuous yeast fermeAtation was 
reported by Thorne (1968). There is, therefore, considerable 
evidence to suggest that mutation and variation do occur in 
brewing yeast during production conditions. The induction and 
incidence of respiratory deficient (RD) mutants has been 
examined as a particular case to demonstrate how mutation can 
occur (Section II).
The results presented in this study have demonstrated 
how variant strains of yeast differing in slight respect from 
the parent strain can be examined and the changes in behaviour 
be reflected in the yeastrs antigenic pattern. However, 
naturally occurring mutants or variants are not the onljr ones 
encountered in brewing microbiology. Increasingly attempts 
are being made to produce artificial variants of brewing 
strains in which desirable properties are concentrated (or 
from which undesirable ones are lost). In such cases the 
serological approach might be used as an additional method 
for screening the altered strains produced. An alternative 
method for the production of yeast variants is hybridisation 
and a similar approach to yeast evaluation might also be used.
Similar studies may also be of value to other fermentation 
industries where mutation is important or where strain 
improvement and/or selection programmes are to be carried out. 
Those industries utilising continuous fermentation processes 
are known to incur the highest risk of mutation due to the 
high selection procedures that exist under these conditions.
In such cases serological examinations would be of value to 
indicate significant increase in the levels of variants.
Antigenic structure of S .cerevisiae. In the analysis of the 
antigenic structure of brewing strains of S.cerevisiae two 
techniques were used, involving unabsorbed and absorbed 
antisera in immuno-electrophoresis. In the method involving 
unabsorbed antisera, the likely antigenic structure of a given 
strain was obtained from data which were sometimes conflicting, 
by calculating the probability of a given antigen being 
present. In the absorption studies using immobilised yeast 
antigen extracts, a yeast strain was considered to possess a 
given antigen if it could be shown to remove that antigen 
reaction from an antiserum.
The two different approaches, whilst not producing 
completely complementary tables of antigenic structure for 
N.C.Y.C. 1085 (68 per cent agreement) or N.C.Y.C. 1092, 1019 
and 1042 (84 per cent agreement), produced a complete match for 
strain AYA.
By both methods deposit forming strains were shown to 
possess antigen 5, whilst the expression of antigen 7 was 
mainly observed in head forming strains. The reader will 
recollect that correlation analysis had demonstrated associations 
between these antigens and the respective brewing properties.
The differing results obtained when using these two 
methods can be explained by the observation that, on some 
occasions, absorption resulted in removal of an antigen 
reaction from the antiserum even though the antigen was not 
believed to be present in the absorbing strain. This was most 
probably due to the presence of immunoiogically similar antigens 
of differing electrophoretic mobility. If so, the antigenic
structures arrived at using absorbed antisera might be less 
accurate than those deduced from the calculated probability 
values using unabsorbed antisera. The question‘of antigenic 
similarity could possibly be resolved by the use of the 
previously described techniques for demonstrating antigenic 
identity.
One of the main conclusions that can be drawn from these 
results is that there is indeed an association between the 
presence or absence of an antigen and the expression of a 
particular brewing property by a yeast strain. This conclusion 
could not easily have been arrived at without the use of 
multivariate analysis methods to examine the serological data 
and i t i s  now felt relevant to discuss how these methods 
helped to clarify the trends in the serological results.
The use of multivariate analysis in the examination of 
serological results
The successful application of multivariate analysis methods 
to the examination of data has been made possible by the 
utilisation of electronic computers to process the very large 
number of small mathematical calculations that must be 
undertaken when the number of variables is large. Although 
the mathematics of these analyses were derived in the 1930s 
it was not possible until recently to examine more than four 
or five variables at one time, because of the limited electric 
calculating machines available.
The principal aim of multivariate analysis is the better
understanding of any underlying implications in the data and
i
graphical methods provide perhaps the clearest way of gaining 
such an understanding. However, for an analysis of p variables, 
a graph of p dimensions would be required which practically 
limits such a method to two or at the most three variables.
To overcome this drawback for the analysis of many variables 
a mathematical technique is used to bring about a reduction 
of dimensionality. Principal components analysis is one of 
the most important of these techniques, the main purpose of 
which is to collect as much as possible of the total variation 
contained within a set of highly varied data into a smaller 
number of new variables. In so doing it is hoped that any 
hidden factors which generated the dependence or variation in 
the results will be revealed. Groupings of the specimens 
described by the data are revealed by plotting them against 
two of the new variables, giving a map-like display.
An alternative approach is to try to determine whether 
the objects or entities that the data describes can be 
divided into meaningful groups. Such techniques come under 
the general heading of cluster analysis, the main purpose of 
which is to detect 'natural1 groupings of the objects, 
depending on their affinities with one another as shown by 
the data. The provision of dendograms as a pictorial 
representation of the data has an obvious attraction to the 
taxonomist, though Marriott (1974) considered that its value 
in revealing relationships between the objects was not always 
clear.
At this stage it. will be useful to reiterate the three 
different multivariate computations which were carried out in 
the present work. These were as follows: '
Computation (1) - Principal components analysis of the 
brewing quality (B.Q.) data of Walkey and Kirsop (1969) 
for strains of S .cerevisiae.
Computation (2) - Principal components analysis of the 
serological data on the presence or absence of 16 antigens 
in 43 brewing strains of S .cerevisiae.
Computation (3) - Cluster analysis of the same data as 
analysed in computation (2).
Principal components analysis of B.Q. data (computation (1)). 
The main aim of this analysis was to determine whether any 
clear groups could be found in brewing strains held at the 
N.C.Y.C. If so, representative samples could be chosen for 
serological analysis.
As previously described (see results pp 71), five main 
groups of yeast strains were clearly-resolved, each consisting 
of two sub—groups designated A and B (Fig. 2). One strain from
each of the main groups-was used to produce antisera in rabbits
and the five antisera were then employed to carry out antigenic 
analysis of a larger number of representative strains.
Due to the large quantity of data obtained and the problem 
of obtaining with certainty the identity of all the antigens 
revealed in the analysis, multivariate analysis methods were 
also used for a statistical evaluation of the serological data.
Principal components analysis of serological results
(comput at ion (2)). The major aim of this type of analysis,
i
used in both computations Cl) amcl (2), has been previously 
defined as a reduction in dimensionality of the data analysed. 
The hope is that the first few principal components will 
account for most of the variation. In this way any groupings 
that exist among the objects would be revealed by the analysis. 
Table 13 shows that, in the present study, the transformed 
distance matrix using the combined results for all five antisera 
was the most successful analysis in that 70 per cent of the 
total variation was contained in the first two principal 
components.
An examination of the principal components maps, generated 
by this computer programme from the data, revealed no groupings 
as obvious as those observed in the initial analysis of yeast 
strains according to B.Q. Ccomputation Cl), Figure 2). However, 
when the distribution of yeast strains belonging to the five 
B.Q. groups over these maps was examined, it was found that 
strains of a given B.Q. group were not distributed randomly 
but tended to segregate together in a particular sector of 
the map Csee Figures 8-11, computation C2)). This was the 
first indication that there was any association between the 
B.Q. data and antigenic structure.
Marriott C1974) commented that often in principal 
components analysis no simple reification Csimple interpretation 
of the results) is possible and that further examination is 
necessary to determine the underlying patterns.
It was assumed that the more ’successful* analyses of
the serological data could be taken to be those that produced
i
the lesser dispersal of the strains of each B.Q. group over 
the principal components maps (see Table 14). These 
(Figures 8-11) were obtained from the transformed distance and 
co-variance matrices using the combined results, and the -
co-variance matrix using the results for the antiserum against 
strain AYA.
Principal components analysis was used in the present 
study to examine serological results and locate the yeast 
strains from which this data was derived, against a reduced 
number of orthogonal axes, the projection of which formed the 
principal components maps. During the analysis the computer 
furnishes lists of weights or loadings of the characters 
(Variables) towards each- axis, one list or eigenvector per 
axis. These lists can then be re-arranged from the highest 
positive, through to the lowest negative value; the characters 
at the extreme end of each list are then the ones which play 
the most significant part in determining groupings.
The antigens that corresponded to these extreme values 
are shown in Table 29. For the transformed distance and 
co-variance matrices the eigenvectors responsible for segregation 
into B.Q. groups in computation (2) were numbers 2 and 1 
respectively and the antigens at the extreme ends of the lists 
for these eigenvectors were 6 and 4A. Tables 60 and 61 show 
the listed values of the eigenvectors corresponding to each 
antigen for eigenvalues 1, 2 and 3 arranged in order. The 
re-ordering,of antigens produced for eigenvalue 2 in Table 60 
and eigenvalue 1 in Table 61 is very similar to that produced
TABLE 60 
COMBINED RESULTS 
TRANSFORMED DISTANCE MATRIX: CONTRIBUTING EIGENVECTORS
EIGENVALUE 1 EIGENVALUE 2 EIGENVALUE 3
ANTIGEN EIGENVECTOR ANTIGEN EIGENVECTOR ANTIGEN EIGENVECTOR
4 0.5921 6 0.4054 7 0.5967
1A 0.3562 11 0.2774 5ii 0.2364
5i 0.267 1A 0.1912 2 * 0.2325
4A 0.1932 7 0.1750 1A 0.1691
li 0.1548 6A 0.1542 5 0.1093
5ii 0.1073 12 0.1407 4A ; 0.0675
7 - 0.0153 2 0.1060 5A 0.0440
2 - 0.0712 5i 0.0983 11 0.0434
6 - 0.0815 5ii 0.0766 12 - 0.0149
9 - 0.1133 9 - 0.0287 6A - 0.0286
8 - 0.1268 4 -0.0951 4 - 0.0413
10 - 0.1677 8 - 0.1533 8 - 0.1668
5 - 0.2102 5A - 0.1580 10 - 0.1796
5 A - 0.2425 10 - 0.2080 9 - 0.2501
12 - 0.3051 5 - 0.3537 6 - 0.2954
6A - 0.3368 4A - 0.6280 5i - 0.5220
TABLE 61 
COMBINED RESULTS 
CO-VARIANCE MATRIX-CONTRIBUTING EIGENVECTORS
EIGENVALUE 1 EIGENVALUE 2 El GENVALUE 3
ANTIGEN EIGENVECTOR ANTIGEN EIGENVECTOR ANTIGEN EIGENVECTOR
6 0.3750 7 0.6293 6 0.5047
11 0.2953 5ii 0.2761 2 0.4865
1A 0.2568 2 0.2696 5 A 0.3973
7 0.1776 1A 0.2125 5i 0.3677
5i 0.1372 5 0.1521 6 A 0.2369
6A 0.1006 4A 0.1488 4 A * 0.2252
12 0.0922 11 0.0889 5 0.2251
5ii 0.0893 5A 0.0888 5ii 0.1260
2 0.0755 4 0.0134 11 0.0615
4 - 0.0160 6A - 0.0045 4 0.0432
9 - 0.0526 12 - 0.0095 7 0.0177
8 - 0.1852 10 - 0.1446 8 — . 0.0138
5 A - 0.1982 8 - 0.1627 12 0.0061
10 - 0.2308 9 - 0.2361 10 0.0040
5 - 0.3860 6 - 0.2362 9 - 0.1199
4A - 0.5870 5i - 0.4355 1A - 0.1468
by cluster analysis re-ordering of the correlation coefficient
(Figure 12). This further supports the conclusion that the
i
major division of yeast strains, as determined using 
serological results, is similar to that obtained with non- 
serological data. The non-serological (B.Q.) results produced 
a separation between head forming and deposit forming strains; 
the serological results produced a differentiation on antigens 
associated with these two properties.
The division of each of the B.Q. groups into two sub­
groups occurred largely due to differences in clarification 
ability. The antigens responsible for segregation along the 
second eigenvector of Figures 8 and 10 (antigens 7 and 5i) 
gave positive and negative correlation values respectively 
for association with clarification, though the values frere 
not highly significant.
The significance of these results is that they show not 
only that the primary separation of yeast strains is based on 
head formation and deposit formation, but that there are as yet 
undisclosed influences on this serological classification 
which could not be associated with the relatively limited 
yeast characters employed in .this-'study.'
Cluster analysis♦ An alternative method of multivariate 
analysis is the technique of cluster analysis which, like 
principal components analysis, attempts to detect any underlying 
groupings among the specimens examined. The analysis differs 
from principal components analysis in that it employs the 
intact data to detect natural groupings (principal components 
analysis, on the other hand, attempts to reduce the 
dimensionality of the data to a smaller set of variables which 
can be more easily understood and any underlying structures 
revealed).
Cluster analysis was used in the present study as a 
further method of examining the serological data to determine 
whether groupings of yeast strains existed and, if they did, 
how they compared with those groups revealed by principal 
components analysis.
Seven slightly different clustering methods were used in 
this analysis and, of these, the Furthest Neighbour, Ward's 
and Lance Williams p  methods were found to give the clearest 
results. Because of the lack of a theoretical basis for 
classification, there is no objective method of determining 
whether one classification is superior to another: the user 
must by inspection choose the method of analysis that appears 
to give the best result. 'Best' in this case usually means 
either the analysis which appears to give the sharpest 
delineation between the groups, or that giving groups which 
accord best with the user's expectations.
groups, has been described by Harvey (1971) and Marriott (1974) 
and is usually regarded as a defect in cluster ^nalysis methods.
The cluster analysis methods used in the present study 
('Furthest Neighbour, Ward's and Lance Williams.J3) are resistant 
to chaining. The three methods are basically similar in that 
they employ the same coefficients of similarity but slightly 
differing algorithms.
These three methods, when applied to the serological data,
each produced a classification of the strains into five cluster
analysis CCA) groups CFigures 13—15). These groups were shown
by Chi squared analysis to be significantly correlated with
the B.Q. groups revealed by the original principal components
%
analysis Ccomputation (1).). The highest Chi squared value 
C48.57) was given by the analysis of the concordance between 
the B.Q. groupings and the C.A. groupings, from the Lance 
Williams J3 method. The Furthest Neighbour method gave the 
next highest value C47.34) and the lowest came from Ward's 
method C-44.1).
Association between the cluster analysis and principal 
components results was shown by examination of the distribution 
of selected antigens in C.A. groups (Tables 26-28): antigens 
associated with B.Q. group 1 Clumbers 4A and 5) tended to be 
associated with C.A. group 1 and those associated with B.Q. 
group 5 (antigen 6) tended to be found in C.A. group 5.
Agreement between the two forms of analysis was further
demonstrated by examining the mean scores for the five B.Q.
\
tests (Walkey and Kirsop, 1969) for the strains belonging to 
the five B.Q. groups and also the three sets of five C.A. 
groups. The individual C.A. groups themselves were sub­
divided into sub-groups A and B in an attempt to elucidate 
any variations in serological reaction due to clarifying 
power. Table 61 lists these calculated values and demonstrates 
the close agreement between the average test values for head 
formation and deposit formation that occurred in all of the 
groupings. Principal components C3.Q.) group 4 did, however, 
show closer agreement with C.A. group 3 for Ward's method 
and Lance Williams method. Similarly, B.Q. group 3 showed 
closer agreement with C.A. group 4 for these two methods.
*
Thus, both the principal components and cluster analysis 
methods Ccomputation C2) and (3) respectively) showed that 
groupings of strains arrived at from serological data are 
broadly similar to those obtained with non-serological (B.Q.) 
results.
The methods using serological and non-serological data 
differ in that the sub-groupings of strains shown in Table 62 
can only be seen to be dependent on clarifying power for the 
analysis of the non-serological results. Any classification 
of strains must justify itself by being based on characters 
of practical significance. The five point test used by 
Walkey and Kirsop (1969), although extremely useful, does not 
now, in the light of recent changes in fermentation technology, 
produce sufficient information concerning yeast behaviour.
The results obtained by the use of multivariate analysis
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Comparison 
of 
groupings 
obtained 
from 
serological 
and 
non 
serological 
data
methods in the present work have demonstrated that serological 
and non-serological properties can be correlated and suggests 
that considerable further information which could be of use 
for yeast strain classification and taxonomy remains within 
the serological data.
Assessment of multivariate analyses. The statistical nature 
of multivariate methods makes it difficult to derive logical 
criteria as to what is the 'best* result. In practice the 
user picks as the 'best* result that which accords most exactly 
with his expectations. In an attempt to reduce the 
subjectivity of this process the results were further analysed 
to see if the choices made were valid.
In the case of the principal components analysis ^
Ccomputation (2)) this was investigated by measurement of the 
2area (cm ) over which the strains of each B.Q, group were 
scattered on the principal components maps (Table 14). A close 
agreement was obtained between smallness of area occupied and 
good separation of groups of yeast strains on the principal 
components maps. Also those analyses which had been shown to 
give group of smallest area on the principal components maps 
were also shown to contain the highest percentages of the 
total variation CTable 13).
In the cluster analysis method a more direct statistical 
comparison of the groups of j/easts obtained by cluster analysis 
(computation (3)) and principal components analysis 
(computation (1)) was possible. The high degree of significance 
that was obtained by Chi squared analysis of concordance 
indicated that not only were the two analyses very similar in
the groupings they produced but that the choice of the 'best1 
results was probably correct.
' i
Further examination of the results from the differing 
multivariate analyses has thus not only shown that these 
results are very similar but has also indicated some possible 
future methods by which such results might be assessed.
Potential value of the serological approach in other studies 
on yeast
The main technical approach used in the present study, 
that is to say a combination of immuno-electrophoretic 
analysis (to obtain the data) with multivarate analysis 
Cto clarify the results), appears to be unique; a search of 
the literature has revealed no other examples of the use of 
this combination. Since the results were in this case 
thoroughly successful, it may be worthwhile to speculate on 
possible applications in other fields of study.
Yeast taxonomy. In the examination of strains of Saccharomyces 
and other genera the greatest number of antigens cross—reacting 
with S.cerevisiae were as might have been expected to be 
found in other members of the genus Saccharomyces.
Tsuchiya _et af. (1965) demonstrated antigens shared between 
various genera of yeasts: their observations were thus 
confirmed by the present study. One antigen (3A) was found to 
be common to all strains from the nine genera examined with 
the curious exception of S .cerevisiae N.C.Y.C. 429. Antigen 4 
was shared by strains from genera presumed to be more closely 
related to Saccharomyces (Candida and Kluyveromyces)♦
These results suggest that further immuno-electrophoresis ;
studies could provide useful detailed supplementary taxonomic !~ . * ' i
• t !
information as to serological relationships between various j
. ' '  j
yeast genera. j
i
. i
!
The considerable variation in antigenic patterns of 1
. . |
|
species of Saccharomyces demonstrable using a single antiserum |
■ • ' , i
against one strain of S.cerevisiae indicates the extent of the 
potential application of immuno-electrophoresis in the 
taxonomy of these yeasts. Campbell (1971), whilst concluding 
that serological and physiological-biochemical classifications 
gave similar results, observed that some strains of yeast 
were antigenically more closely related to strains of other 
species than to those of their own. One similar observation 
was made in the present work: a strain of S .cerevisiae. var !
ellipsoideus (N.C.Y.C. 506) proved to be more closely antigenically 
related to S .diastaticus (N.C.Y.C. 361) than to the other 
strain of S .cerevisiae var ellipsoideus (N.C.Y.C. 98). By 
choosing additional S .cerevisiae strains, serologically 
distinct from AYA, for example N.C.Y.C. 429, and raising 
antisera against these, the serological classification of the 
genus Saccharomyces could be further developed and its 
correspondence with other techniques of Saccharomyces 
systematics studied.
Application of serological methods within the brewing industry.
The techniques described in this thesis would appear to have 
certain direct applications within the brewing industry.
Previous serological studies on brewing yeasts have indicated 
that only limited information relevant to yeast performance can 
be obtained by such techniques as slide agglutination,
immuno-diffusion and immuno-fluorescence (Campbell et al.,
1968, Thompson and Cameron, 1971). The present study has
i
demonstrated that the application of the more sophisticated 
serological technique of micro-immuno-electrophoresis, coupled 
with multivariate analysis of the copious data obtainable by 
this method, could well afford a powerful additional procedure 
for the examination of yeast antigenic structure and its 
relationship to brewing performance.
Increasingly in modern brewing, microbiologists have 
begun to apply recently gained knowledge on yeast growth and . 
metabolism to the control of brewery fermentations. Levels of 
dissolved oxygen in wort before inoculation have now been 
shown to be of great importance in ensuring rapid growth of 
yeast during the initial stages of fermentation and in* 
obtaining the correct rate and degree of wort attenuation 
(David and Kirsop, 1973). Kirsop (1974) concluded that yeast 
oxygen demand varies from strain to strain and that each strain 
can be assigned to one of a number of groups of yeast based on 
that oxygen demand. When, in the present studjr, alterations 
were made to wort oxygenation during fermentation with strain 
AYA, the antigens 1A, 2, 4A, 5, 5A and 5ii could not be detected 
in the antigen extracts. These results, demonstrating the 
effect of wort oxygenation on the yeast antigenic pattern, 
indicate that serological methods might well provide useful 
supplementary information on yeast oxygen starvation or over 
supply during practical brewing.
In systems of high gravity fermentation hopped wort is 
produced at higher than normal specific gravity, fermented and 
then diluted at the packaging stage. The response of a yeast 
to high gravity fermentation conditions is a function of its 
metabolism, particularly in the formation of secondary 
fermentation products (fusel alcohol). So far it has largely 
been the rate and extent of fusel alcohol production, which 
varies from strain to strain, that has determined the suitability 
of a yeast for high gravity fermentation. Other factors of 
importance are rate of fermentation, alcohol tolerance and 
sensitivity to variations in wort composition. It would have 
been of great interest to look for antigens associated with 
specific fusel alcohols, but this was not possible in the time 
available. However, antigens 8 and 7 were found to be 
associated with speed of fermentation which has some bearing 
on fusel alcohol production.
Strain AYA was shown to lose antigens 1A, 2, 4A, 5, 5A,
5i, 6 and 6A when organic wort nitrogen sources were replaced 
by inorganic nitrogen. Variations in yeast metabolism, such 
as those that occur during fermentation and in respiratory 
deficient yeasts, also appeared to cause changes in the yeast 
antigenic pattern. These are all factors relevant to the 
response of a yeast strain to high gravity conditions; they 
could be examined and the suitability of the yeast possibly 
determined by examination of its antigenic pattern. Adaptation 
of a strain to unaccustomed fermentation conditions might be 
indicated by a return of its antigenic pattern to normal or 
near normal, as was observed with strain AYA fermented at li°C.
Heyse and Piendl (1975) noted variations in yeast enzyme 
levels during fermentation and between flocculent and non- 
fiocculent cells. In the present work antigens'were likewise 
shown to vary in their presence or absence during the 
fermentation process (antigens 2, 5, 5i, 5ii and 7) and to be 
associated with flocculence (antigens 4A, 5 and 10) or 
non—flocculence (Jo and 7) of the cells. Although demonstration 
of specific enzyme activity in the immuno-precipitates was not 
possible, significant enzyme activities (hexokinase, invertase, 
acid and alkaline phosphatase) were found in whole cellular 
extracts. Thus examination of the immuno-precipitates might 
well reveal enzymic activity which could be related to changes 
in yeast enzyme levels.
It might be asked why should it be necessary to answer 
an apparently simple question - in this case ’which yeast 
strains are most useful for brewing?’ by the use of an indirect 
method of considerable complexity (i.e. immuno-electrophoresis), 
when direct methods already exist. The reply to this question 
is twofold. First, the apparent simplicity of the question 
is deceptive: suitability for any one of a considerable range 
of brewing purposes depends on many more factors than are 
determined in a single screening for brewing quality as carried 
out, for example, by the method of Walkey and Kirsop (1969) 
or by intrinsic methods (see p 1"). Test methods of higher 
information jHeld are therefore necessary. Secondly, direct 
testing of brewing quality tends to be carried out in ways 
which try to simulate specific brewing conditions and assess 
a strain's performance under those conditions. In the search 
for strains of possible brewing value it would seem of equal 
or greater importance to determine which basic components of
the cell - enzymes or antigens - are involved in confering 
brewing potential. Strains shown to possess a full complement 
of such components could then be adapted by selection to 
particular brewing conditions to evolve strains in which the 
desired brewing qualities were expressed.
The single immuno-electrophoresis run gives what is, in 
effect, not one result but a number of results, since each 
antigen is no doubt related to a different function in the 
yeast metabolism. Immuno-electrophoresis of a yeast can 
therefore be likened to other polyphenetic methods such as 
gas-liquid chromatography of cell digests, or infra-red 
spectrophotometry, both of which give a comprehensive array 
of information as a result of a single testing method.
%
Thus in a similar manner serological analysis also 
resembles the 2L laboratory fermenta; action in giving information 
relative to many aspects of yeast function, unlike the intrinsic 
property tests, each of which examines one aspect only.
Application of serological methods to other fermentation 
industries.. The application of serological methods outside the 
brewing industry may well be feasible as other fermentation 
industries use similar yeast evaluation methods. Flocculation 
and its time of onset is possibly as important to the cider 
industry as in ale and lager brewing. Serological methods 
applied here could provide valuable information not only as to 
whether a strain was potentially flocculent, but at what stage 
flocculence was about to occur. Fermentation velocity is 
another important characteristic of cider strains (Beech and 
Davenport, 1970) and in ale yeasts this character has been
associated with antigen 8. Bakers’ yeast was reported by 
Burrows (1970) as being particularly susceptible to variation 
in fermentation and growth yields, and the application of 
serological techniques to these changes in yeast character could 
be fruitful, bearing in mind the antigenic variations observed 
in variants and mutants in the present study.
In the utilisation of hydrocarbons by yeast intended for 
animal feed supplements, some strains have been observed to 
absorb oil taints more readily than others, and it has been 
suggested that carcinogens from the oil substrate might also 
be adsorbed. Serological techniques might be applied to 
determine whether any antigens can be associated with this 
property. A successful demonstration of such antigens could 
then lead to the use of serological methods in the screening 
of yeast strains as to their suitability for this type of 
fermentation. Another important characteristic of food yeasts 
is their levels of individual amino acids, particularly lysine 
and the sulphur-containing amino acids (cysteine and methionine). 
Amino acid profiles are both expensive and laborious to 
complete and an investigation of whether any association exists 
between demonstrable antigens and the presence of such desirable 
amino acids could lead to an alternative simplified serological 
screening technique for food yeasts. In due course a yeast 
protein production plant could possibly have its feedstock 
dividing into a number of. fermentation streams, each growing 
a different yeast strain employed for its ability to produce a 
characteristic amino acid mix or other properties. The 
antigenic analysis method employed in the present study would 
doubtless be of value in screening strains for such purposes.
Possible applications of antigenic studies by immuno-
electrophoresis coupled with multivariate analysis of the 
results outside the fermentation industries. Tbe technique 
used in the present studies could have possible applications 
in fields not connected with brewing and fermentation 
microbiology.
Firstly, it is clear that multivariate analysis affords a 
useful general method of reducing and reconciling the often 
conflicting data obtained in a large scale sero-taxonomic 
study of any group of organisms, and obtaining a simplified 
overall picture. There is no reason why the' combination of 
serology and multivariate analysis could not be applied with 
advantage to fundamental taxonomic studies on bacteria, 
filamentous fungi, protozoa or, indeed, any micro-organisms.
Secondly, multivariate analysis would seem to be a way 
of relating complex findings - such as those obtained^in the 
present study by immuno-electrophoresis, to relatively simple 
pragmatic ones — in this case represented by the classification 
based on B.Q. properties. This kind of problem is common in 
applied microbiology.The non-microbiological user requires 
simple results which are immediately capable of practical 
exploitation: the microbiologist can produce results which have 
a far greater information content-than is immediately required 
and he has to show the user that a) his results are capable of 
being quickly used and b) they have the potential of yielding 
information in excess of that which the user expected. The 
scientist, on the other hand, tends to answer a simple and 
often naive question posed by the practical user, in a 
complicated way. Thus, in the present study, the primary
question would seem to be Twhich yeast strains are suitable 
for brewing?’ The B.Q. survey answers this in a simple way but 
with some provisos. The serological surveys provided, after much 
analysis, some simple answers which corresponded with the 
results of the B.Q. survey, but yielded much additional 
information, the significance of which is only partly known.
Other kinds of questions, such as whether a strain is suitable 
for antibiotic, vitamin or single cell protein, could be 
answered by the microbiologist in similar ways and, if both 
a simple, direct method and a more complex one of higher 
information yield were employed, some multivariate or other 
technique would have to be used to relate the one to the other.
There would also seem to be some potential for applications 
in the field of medical microbiology. Although considerable 
serological investigations have been carried out into the 
taxonomy of pathogenic fungi and yeasts, attempts to use 
serology to gain a greater understanding of the pathogenic 
nature of these organisms have met with limited success.
Saltarelli (1964) reported that drug resistant strains of 
Candida albicans could be differentiated from susceptible 
strains by immuno-electrophoresis and agar electrophoresis of 
cellular extracts. Biguet et al. (1959a, b, 1960, 1962 and 
1965), by the use of immuno-electrophoresis, demonstrated 
15 to 16 antigens in C .albicans, some of which were shared by 
other members of the genus and others which were strain, 
specific. The cross-reactions demonstrated between 
Saccharomyces and Candida suggest that by absorption with 
Saccharomyces, antisera could be rendered specific for Candida
ana t;mis usea xor xne xaenxxxxcaxxon ox yeasts xsoxaxea xn 
cases of suspected candidiasis. There is considerable interest 
at present in the converse of this, that is theiuse of selected 
Candida antigens for the diagnosis of candidiasis by examination 
of patients’ serum for Candida antibodies. By application of 
the combined methods of immuno-electrophoresis and multivariate 
analysis of the results, the significance of certain antigens 
to the pathogenicity of this yeast might be established.
Such antigens would then be the type required for the 
demonstration of candidiasis as described previously.
Dolezxl and Kirsop (1974), using antisera against species 
of Lactobacillus, were able to observe cross-reactions between 
these antisera and species of Saccharomyces and Pediococcus. 
Their results demonstrated the presence of a non-specific 
antigen shared by these different micro-organisms. A general 
application of the techniques described in the present work 
could probably be made in the examination of different 
micro-organisms isolated from the same habitat and might 
reveal possible serological relationships between organisms 
connected only by their environment.
Havingonce characterised the organisms present within 
an environment, then serological tests could possibly be of 
use to monitor changes within that environment. It is 
interesting to speculate whether variations from normal 
behaviour, such as the possession-of a yeast killer factor, 
might be reflected by the expression of a particular antigen. 
Another variation in yeasts which has been connected with 
changes in environment is mutation to the RD form and the 
application of serological analysis techniques to such mutants 
is one of the topics discussed in the following section.
Mode of action of formaldehyde in formation of RD mutants
It was demonstrated (see p 165) that when both ale and 
lager strains of brewing yeast, S .cerevisiae and S .uvarum 
respectively, were exposed to formaldehyde this resulted in 
the appearance of increased levels of RD mutants, confirming 
earlier reports by Hsu et al. (1974).
The greatest level of mutation occurred when the 
formaldehyde contact time in the mash was the greatest. This 
suggests that the longer time allows a more extensive reaction 
with mash, components. Using radioactive tracer techniques,
Macey (1970) showed that up to 25 per cent of the formaldehyde 
carbon added at mashing could be detected in the wort (the 
remaining 75 per cent presumably being lost by evaporation-and 
precipitation), although the free formaldehyde level was only 
1-2 per cent of that originally added. In the present study 
the mutagenic activity of hopped wort obtained from 
formaldehyde-treated mashes has been shown to reside in this 
bound formaldehyde and to be the product of a polymerisation 
reaction rather than being due to the low levels of free 
formaldehyde detected (less than one per cent).
The addition of formaldehyde directly to strain AYA or 
in the presence of simple inorganic nitrogen compounds did not 
cause significant amounts of mutation. Formaldehyde is known 
to react with amino groups in proteins, peptides and amino 
acids and it is this reaction which the present studies suggest 
is responsible for the formation of a mutagenic reaction 
product during infusion mashing. This reaction product has been 
separated and identified as a negatively charged substance or 
group of substances of molecular weight below 10,000.
Effects of wort composition on mutation
Strain LYA behaved similarly to the two ale yeast strains 
(AYA and AYB) when used to ferment hopped worts*from 
formaldehyde-treated mashes. However, when LYA was used to 
ferment formaldehyde-free wort, there was a significant 
increase in RD mutant levels not observed in similar 
fermentations using AYA and AYB, This was the most striking 
difference between the ale and lager strains and confirms 
the findings of Gyllang and Martinsson (1971) who observed 
RD mutants in tall tube fermentations of formaldehyde—free 
worts with S.uvarum.
It was therefore concluded that some group of substances 
must be present in hopped wort, capable of causing RD mutation 
in lager yeast, and that this mutagenic activity could be 
increased by the addition of formaldehyde to the mash. This 
suggests a possible similarity between these naturally 
occurring mutagens and those induced by formaldehyde. This 
similarity was confirmed by the ion-exchange experiments and 
indicates that the natural mutagens are most probably peptides 
or peptide-like substances.
Hsuet al. (1974) concluded that the nutritional state of 
a brewer’s wort can have a distinct influence on the effects 
of formaldehyde on various yeasts. The results obtained with 
strain LYA in these investigations suggest that the nutritional 
state of hopped wort in the absence of formaldehyde can have a 
significant influence in causing mutation in lager yeasts.
Thus the types and concentrations of assimilable nitrogen 
compounds are important factors in their own right, in addition 
to the polymerisation reaction observed between wort nitrogenous 
compounds and formaldehyde.
, There would therefore appear to be a relationship 
between the stability of j^east strains and wort composition, 
specifically the concentration and range of nitrogenous 
compounds. Evidence to support these conclusions was obtained 
from the investigation of the reaction of a peptone solution, 
rich in organic nitrogen, with formaldehyde: a mutagenic 
reaction product was formed. A further implication was that 
malt modification could affect mutagen production by altering 
the types and quantities of nitrogenous substances produced 
at mashing. This was confirmed by fermentation of worts 
derived from formaldehyde—treated, temperature-programmed mashes 
of ale and lager malts, in which it was shown that the 
concentration of mutants became greater in the ale malt series 
(see Figure 28). An association was revealed between the 
mutagen content of the hopped wort and the amount of nitrogenous 
materials released in mashing. Lager malts, being traditionally 
less well modified with respect to nitrogen than ale malts, 
would tend to produce mashes containing less of the low 
molecular weight nitrogenous materials than ale malts. The 
effect that changes in mashing technique can have on wort 
composition should not be overlooked. In the second part of 
this investigation isothermal mashing resulted in a greater 
release of nitrogenous materials from the lager malt, with an 
associated increase in RD mutants, as compared to the malt 
wort (see Figure 29 and Table 54).
Furthermore, these results complement those obtained in 
the examination of the effects of media composition on yeast 
antigenic patterns. In both cases alteration in fermentation 
conditions resulted in changes in the yeast, which suggests 
that serological techniques may be of use for the examination 
of yeast following changes in wort composition which could 
have detrimental effects upon fermentation.
Effects of RD mutants upon fermentation
The strains of RD mutants obtained in these investigations
differed in some respects from those isolated by previous
workers. Silhankova et al. (1970b) reported increased diacetyl
concentrations in beers produced with RD mutants and, with one
exception, poor organoleptic qualities. Gyllang and
Martinsson (1971) observed that the RD mutants they isolated
*
were incapable of fermenting maltotriose. In the present 
work, diacetyl production and maltotriose metabolism of the 
mutant strains were very similar to the parent, whilst in 
taste trials beer from fermentations with mutant strains was
j ■ '
indistinguishable from that prepared using the parent strain.
The increased sedimentation of RD mutants reported by Gyllang 
and Martinsson C1971) was also observed in these investigations. 
These results suggested the possibility that some of these 
mutants could be used for ale fermentations in cylindro- 
conical vessels, and would show slight advantages in ethanol 
production and sedimentation over the parent strain.
However, not all mutant strains were suitable for
fermentation as some displayed slower growth and fermentation
i
rates than the parent strain. Selection of such strains would 
occur by bottom harvesting of yeast due to their greater 
sedimentary ability and thus result in progressively longer 
fermentations. A change in yeast management would therefore 
be required, altering' the harvesting procedure to select for 
the parent strain, possibly by discarding the first yeast to 
be removed.
The effect of change in sedimentation properties would 
obviously depend upon the method of yeast harvesting used. 
However, if a change in yeast sedimentation resulted in 
production of yeast quantities inadequate for re-pitching, 
considerable changes in harvesting procedure might be required. 
As far as changes in organoleptic properties are concerned, 
the magnitude of these would depend upon the rate of build-up 
of mutants and the differences between the parent and mutant 
strains. In all probability noticeable effects would not occur 
until a number of sequential fermentations had been carried out.
The. significance of these findings to other fermentation 
industries can be seen by summarising the effects observed. 
Firstly, that mutation has arisen following a change in the 
nutritional status of the fermentation medium and, secondly, 
that the increase in the concentration of mutants in the yeast 
could be exacerbated by the fermentation process used.
Fermentation industries in general must therefore guard
against both phenotypic and genotypic changes (e.g. mutations)
*
which may result from apparently trivial alterations in 
fermentation procedure. They should institute procedures to 
determine the rate and effects of any such changes and 
introduce control measures to keep undesirable alterations to 
a minimum.
The results reported here have demonstrated some responses 
of brewingyeast strains to changes in environmental conditions 
It would be interesting to discuss the extent to which such 
changes or mutations occur in food fermentations Ce.g. cheese 
starters) and whether such variants or mutants might have 
practical advantages over their parent strains.
The use of serology in the study of RD mutation
In yeasts it would appear that the rate of mutation to 
the RD form is greater than that to other forms; certainly 
RD forms are the more commonly observed. An RD mutant of 
strain AYA was shown to be more flocculent and to display 
a greater fermentation rate than its parent. These changes 
were reflected in the serological patterns of the strains: 
the mutant was shown to have gained antigen 5 Ossociated 
with flocculence) whentested with one antiserum and to have 
lost antigen 7 (jnegatively correlated with rate of 
attenuation) when tested with another antiserum. There were 
also in this mutant changes in antigenic pattern involving 
loss of antigens not known to be associated with any particular 
brewing property. RD mutants are deficient in certain 
respiratory enzymes and the loss of these antigens may well 
have been associated with the loss of respiratory enzymes.
Supporting evidence for this view comes from the observation 
that the antigen extract of AYA possessed enzyme activity 
(see Table 46) which included hexokinase and acid and alkaline 
phosphatase. Further investigations are required to determine 
the association of such enzymes with specific antigens.
However, it is clear that serological methods could be usefully 
applied in the examination of this type of mutation. Serological 
studies could be particularly helpful for those industries 
in which it is known that RD mutants can, on occasion, cause 
special problems. For example, in sake brewing both RD 
mutants and wild yeasts can be differentiated from the culture 
yeast by their appearance on TTC overlay agar (Kodama, 1970), 
giving white, pink and red colonies respectively. Serological 
examinations could be applied to these strains as a further 
method of differentiation of the types of mutants and 
contaminants observed and to monitor and even predict variations 
in foam and ethanol production and other variables in the 
sake fermentation.
Future aspects
Lastljr, the Western brewing industries need not 
necessarily assume that their scope, shall forever be restricted 
to the production of ethanolic beverages by fermentation of 
hopped extracts of predominantly malt mashes with Saccharomyces 
cerevisiae or S.uvarum. In Western societies there may well 
be room for commercial experimentation in new forms of 
alcoholic drinks which might be produced bj? the established 
brewing industries (e.g. fermented malt liquors and whey wines). 
Different flavours and even (given adequate safety testing) 
different physiological effects of commercial exploitability 
could be imparted to brewed drinks by varying the carbohydrate
substrate, the grain, malt or other enzyme preparation, the
bittering or other additional flavouring agent, the conditions
i
of fermentation, or the fermenting micro-organisms; the 
behaviour of the latter would be expected to be influenced 
by all of the other parameters. The fermenting micro­
organisms might be variants or mutants of S.cerevisiae or 
S .uvarum, other Saccharomyces species, other fermenting yeasts 
or even ethanol-producing bacteria.
Whatever the fermenting agent the method evolved in the 
present study could be expected to have a real potential use 
in the screening and preliminary evaluation of strains, and in 
the evaluation of selected variants or mutants for their 
responses to differing brewing conditions.
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Introduction of Respiratory-Deficient 
Mutants in Brewery Yeast
ABSTRACT
Formaldehyde has been employed widely as a disinfectant 
in the food industry, while in recent years its use in malting 
and brewing as a means of improving non-biological stability 
of beer has been reported. There is little enthusiasm in Eu­
rope for this latest application, since companies are not keen 
to be identified with its use in brewing and it is likely that its 
use will be prohibited by impending European legislation.
This paper is concerned with “spin oil" resulting from the 
original work on stabilization. It will show how formalde- 
Jiyde can bring about a mutagenic change (a biological 
^change in the yeast) which has the possibility of being 
turned to advantage in yeast strain selection.
By W . D. Cowan 
J. Hoggan and 
J. E. Smith
SINTESIS
El formaldehido ha sido ampliamente usado como 
desinfectante en la industria alimenticia, rnientras que en 
anos recientes se ha reportado su uso en los procesos maltero 
y cervecero como un medio de mejorar la estabilidad no 
biologica de la cerveza. Existe en Europa poco entusiasmo 
por esta ultima aplicacion, ya que a las companias no les 
interesa su uso en el proceso cervecero, ya que su uso sera 
prohibido por la legislacion Europea independiente.
Este trabajo trata sobre la desviacion resultante del 
trabajo original sobre estabilizacion. Mostrara como el 
formaldehido puede llevar a cabo un cambio mutagenico 
(un cambio biologico en la levadura) que tiene la posibilidad 
de tornarse en una ventaja en la seleccion de la raza de 
levadura.
I N T R O D U C T I O N
Formaldehyde has been recommended for use in 
brewing to reduce levels of anthocyanogens in wort 
(Grimm and Baker,C1) Macey et al.(4)). It is, however, a 
powerful antiseptic agent and Hsu et al.(3) reported that 
residual amounts in wort could induce respiratory-re- 
ficient mutation in yeast. Gyllang and Martinson(2) had 
also drawn attention to respiratory-deficient mutant de-
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velopment in a strain of Saccharomyces carlsbergensis 
during fermentation in tall tubes.
The present work was designed to investigate the 
mutagenic effect of formaldehyde on an ale yeast in 
current use and to determine the fermentation charac­
teristics of the resulting mutants; two other yeasts were 
added for comparison.
Giant colonies of Mutant 
Strain A.
Giant colonies of Parent 
Strain A Y  A.
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The results of Hsu et al.,(3) indicated that the muta­
tion might be due, not to free formaldehyde, but to a 
reaction product and further experiments were designed 
to elucidate this.
MATERIALS AND METHODS 
Yeast Strains
AY A. A  bottom fermenting, non head-forming strain of 
ale yeast, Saccharornyces cerevisiae which was used in 
production, pilot and laboratory investigations.
AYB. A  head forming strain of S. cerevisiae, obtained 
from another brewery and used in laboratory investiga­
tions.
LYA. A  strain of lager yeast S. carlsbergensis, and used 
in laboratory investigations.
Preparation of Mashes and Worts
Production and pilot scale mashes were carried out 
using the infusion mashing system with a maximum 
temperature of 75° C. Worts were hopped in the normal 
manner.
Laboratory mashes were prepared in a miniature 
mashing apparatus capable of preparing 2 litres of wort; 
the sweet wort was treated in the normal manner except 
that boiling was under reflux. All boiled hopped worts 
were cooled, filtered, autoclaved in 200 ml volumes for 
10 min. at 10 p.s.i. and stored at 4°C until required.
Additions to Mashes and Worts
Formaldehyde was added to production, pilot and 
laboratory mashes at 100 and 150 ppm based on the dry 
weight of materials used, the concentrations which had 
been found to give satisfactory control of haze produc­
tion. Formaldehyde (5 or 10 ppm) or acetaldehyde (5 
or 10 ppm) additions were made to hopped wort imme­
diately before fermentation. Free formaldehyde in 
hopped wort was determined by the distillation method 
described by Macey et al.(4)
Fermentations
Pilot (20 hi) and production (800 hi) scale fermenta­
tions were carried out in cylindro-conical vessels. Yeast 
was harvested from the cones of these vessels after fer­
mentation and cooling. Laboratory fermentations were 
carried out using 200 ml volumes of autoclaved, hopped 
wort.
Detection and Enumeration of 
Respiratory-Deficient Mutants
Respiratory-deficient mutants were detected by the 
triphenyl tetrazolium chloride (TTC) overlay method 
of Ogur et al.(C) The respiratory-deficient mutant colo­
nies were easily discernible as white colonies amongst 
the red parent colonies. White (mutant) colonies were 
sub-cultured onto dextrose yeast agar (DYA) followed 
by repeated streaking onto the same medium until 
shown to be pure by T T C  overlay.
Characterization of Respiratory-Deficient Mutants
Respiratory-deficient mutants of the ale yeast A Y A  
were isolated from production and laboratory fermenta­
tions. Their growth rates were determined by the meth­
od of Thorne(fl) using dextrose yeast broth (DYB) as
the growth medium. Flocculation together with sedi­
mentation was assessed by a modification of the Woof 
method/10’ using hopped wort of a specific gravity 1.037. 
Fermentation behavior was determined in 2 litre vol­
umes of hopped wort in Dewar flasks. Dissolved oxygen 
was adjusted to 6 ppm and temperature to 21cC  before 
inoculation. Fermentation time was taken to be the time 
required to reach a S.G. 1.009.
Flavor evaluation was carried out on beers produced 
by some respiratory-deficient isolates from 10 litre fer­
mentations in model cylindro-conical vessels. The beers 
were filters, bitterness adjusted with isomerized hop ex­
tract and stored under carbon dioxide at 4°C before 
tasting. Levels of diacetyl, fusel alcohols and sugars 
were also determined.
PRELIMINARY INVESTIGATION OF
MUTAGENIC REACTION PRODUCT
Effect of medium: Sequential fermentations were 
carried out using the ale yeast A Y A  in Difco yeast ni­
trogen base (YNB) supplemented with 1.0% w/v dex­
trose. Formaldehyde was added at 0, 5 and 10 ppm be­
fore fermentation and levels of respiratory-deficient 
mutants determined after each fermentation.
Direct addition to yeast: Washed ale yeast A Y A  was 
resuspended in sterile 0.85% w/v saline containing 0, 5 
and 10 ppm formaldehyde. Samples were withdrawn at 
intervals and the respiratory-deficient mutant content 
determined.
Heat stability of mutagen: Hopped wort prepared 
with 100 ppm formaldehyde in the mash was boiled 
down to 25% of the original volume and then reconsti­
tuted with distilled water. This process was then re­
peated twice more and the resulting boiled, hopped wort 
autoclaved in 200 ml volumes. Sequential fermentations 
were then carried out using the ale yeast A Y A  and res­
piratory-deficient mutant percentages determined after 
each fermentation.
. Dialysis of hopped wort: Hopped wort was prepared 
using 150 ppm formaldehyde in the mash. Two 150 ml 
volumes were dialyzed against distilled water, one for 
18 hrs and the other for 48 hrs. The dialyzed hopped 
worts were supplemented with 0.5% w/v ammonium 
sulphate and 2.0% w/v dextrose and autoclaved. 25 ml 
volumes were used for two series of six sequential fer­
mentations with strain A Y A  and respiratory-deficient 
mutant percentages were determined after each fermen­
tation. A  control sequence was also carried out using 
autoclaved, but non-dialyzed, hopped wort.
Ion-exchange chromatography of hopped wort: H o p ­
ped wort (200 ml) prepared from a mash with 150 ppm 
formaldehyde was acidified with 8.8 ml concentrated 
hydrochloric acid and applied to a column of Dowex 
50x-8 ion-exchange resin. The effluent, hopped wort was 
collected and the column washed, first with 200 ml dis­
tilled water, then with 200 ml 2 N  ammonia solution and 
the two eluates collected. All eluates were adjusted to 
p H  5.5 and the water and ammonia eluates used as the 
diluent in the preparation of Y N B  supplemented with 
2.0% w/v dextrose and 2.0% w/v maltose. The hopped
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wort from the column was supplemented with 0.5% w/v 
yeast extract. The three resulting solutions were auto­
claved in 25 ml volumes and then used for seven se­
quential fermentations with ale yeast strain AYA. A 
control sequence was also carried out using the original 
hopped wort. Respiratory-deficient mutant percentages 
were determined after each fermentation.
In a second experiment the same conditions and ex­
perimental methods were followed as in the previous 
experiment with the exception that the wort was derived 
from a formaldehyde-free mash and the yeast strain 
used was lager yeast LYA.
Production of mutagen using other substrates: For­
maldehyde (150 ppm) was added to 850 ml of 2.0% w/v 
peptone solution and held at 65 °C for 90 min. A  control 
peptone solution with no formaldehyde was treated in a 
similar manner. Malt extract, 5.0% w/v was added to 
each peptone solution which was then autoclaved at 10 
p.s.i. for 10 min. before storage at 4°C until required. 
Sequential fermentations were carried out with strain 
A Y A  and the respiratory-deficient mutant percentage 
determined after each fermentation.
Ale malt and lager malt were used to prepare 2 litres 
of hopped wort, S.G. 1.037. Formaldehyde was added to 
each mash at 150 ppm. Sequential fermentations with 
strain A Y A  were carried out on the resulting worts and 
the percentage of respiratory-deficient yeast determined 
after each fermentation.
RESULTS 
DEVELOPMENT OF 
RESPIRATORY-DEFICIENT MUTANTS
.Production and Pilot Scale Fermentations
• Strain A Y A  was carried through two series of five 
successive production fermentations which involved con­
centrations of 100 and 150 ppm formaldehyde added at 
the beginning of mashing. These results (Table 1) show 
the pattern of development of respiratory-deficient m u ­
tants; 150 ppm formaldehyde having a much greater 
effect on mutant development than 100 ppm. Using 
hopped wort (100 ppm formaldehyde at mashing) in 
pilot scale fermentations there was a similar develop­
ment of mutants (Table II). The high value obtained 
for yeast from the fourth fermentations in production 
and pilot scale" work is interesting but apparently anom­
alous. This may result from a combination of circum­
stances, namely, the significant differences in sedimen­
tation rates between some mutants and the parent strain 
and the method of yeast harvesting in cylindro-conical 
fermentations. The yeast harvesting procedure involves 
discarding the yeast in the very base of the cone. Thus, 
it is likely that by the fourth fermentation the concen­
tration of mutants was such that a very high percentage 
had settled out quickly. Therefore, in the fifth fermenta­
tion it is reasonable to expect even more rapid sedimen­
tation, but such that a higher concentration was drawn 
off in the yeast which is discarded. In this way, the levels 
found in pitching yeast from the fifth fermentation 
would be lower than a yeast from the fourth fermenta­
tion.
TABLE I
Respiratory-Deficient Mutant Percentages in Yeast 
from Production Fermentations
Fo'maidehyde Addition to Mash
Fermentation 150 ppm 100 ppm
No. (Mutant %) (Mutant % )
1 1.0 1.0
2 2.0 1.05
3 16.7 1.9
4 27.4 2.3
5 24.4 2.6
TABLE II
Respiratory-Deficient Mutant Percentages in Yeast
from Pilot Fermentations
Fermentation No. Mutant %
1 1.74
2 1.31
3 1.80
4 24.2
5 4.5
6 2.9
7 3.0
8 6.04
9 8.67
Laboratory Fermentations
Using hopped wort prepared from a mash with 150 
ppm formaldehyde the increase in mutant level over six 
successive fermentations with strain A Y A  (Figure 1) 
was slower than that obtained on the production scale 
(Table I), due perhaps to greater selection for sedimen­
tary yeasts occurring in production and pilot fermenta­
tions. However, when an additional 5 p pm formaldehyde
0 - 0 - 0  Mashed with 150 ppm 
Formaldehyde
c-c -o 5 ppm Formaldehyde j 
at fermentation /
t* 20-a
a— a—o Formaldehyde 
free1 5 -
10-
5 -
Fermentation No,
Figure 1. Laboratory fermentations—mutant production 
in successive fermentations. Ale Yeast A.
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was added (just before fermentation) there was a much 
higher rate of mutant increase reaching 23.5% at the 
sixth fermentation.
Results of similar laboratory experiments using ale 
yeast A Y B  and lager yeast L Y A  are depicted in Figures 
2 and 3 respectively. Strain A Y B  behaved similarly to 
A Y A  except that the rate of increase of respiratory-de­
ficient mutants was slightly slower. When lager yeast 
L Y A  was used there were, again, similar increases in the 
respiratory-deficient mutant percentages, but also sig­
nificant increase in the base level of mutants developing 
sequentially in the formaldehyde-free control fermenta­
tions. This accords with the findings of Gyllang and 
Martinson(2) who showed that respiratory-deficient m u ­
tants could develop in formaldehyde-free fermentations 
in fall tubes.
20*
Mashedwith 150 ppm Formaldehyde 
5 ppm Formaldehyde at fermentation 
Formaldehyde free15-
10-
Fermentation No.
Figure 2. Laboratory fermentations—mutant production 
in successive fermentations. Ale Yeast B.
Time of Formaldehyde Addition to Mash
Formaldehyde (150 ppm) was added to laboratory 
mashes to give contact times in the mash of 0, 40, 100 
and 125 minutes and the resulting hopped worts em­
ployed for eight successive fermentations using strain 
AYA. A  control series (no formaldehyde at any stage) 
yielded less than 1.0% respiratory-deficient mutants 
after eight fermentations. The effect of formaldehyde 
was greatest when added at the start of mashing, the 
normal procedure. The concentrations found were 4.0%, 
.5.4%, 5.7% and 14.4% at 0, 40, 100 arid 125 min. re­
spectively.
20 -
I3
O—O—O Mashed with 150 ppm Formaldehyde
©— C—© 5 ppm Formaldehyde at fermentation 
a— o—□ Formaldehyde free  /
10-
Fermentation No.
Figure 3. Laboratory fermentations—mutant production 
in successive fermentations. Lager Yeast A.
Additions Other Than Formaldehyde
The effect of acetaldehyde was examined to investi­
gate the possibility that an aldehyde group might be 
responsible for the mutation. Acetaldehyde was added 
to formaldehyde-free wort just before inoculation with 
strain AYA; control experiments with formaldehyde 
just before inoculation were also carried out: acetalde­
hyde had no demonstrable effect. After eight successive 
fermentations 10 ppm formaldehyde had resulted in 
8.8% respiratory-deficient mutants and 5 pprn had re­
sulted in 1.9% respiratory-deficient mutants. After eight 
successive fermentations with 5 and 10 p pm acetalde­
hyde, the level of respiratory-deficient mutants was the 
same as in the formaldehyde-free control, 1.0%.
MUTAGENIC ACTIVITY OF FORMALDEHYDE 
Effect of Medium
Eight successive fermentations with strain A Y A  were 
carried out in a synthetic medium (YNB) containing 
0, 5 and 10 ppm formaldehyde; control series were also 
carried out in hopped wort with the same rates of for­
maldehyde addition. Development of respiratory-defi­
cient mutants was slower and much less marked in YNB,  
thus lending strength to the hypothesis that the muta­
genic effect might be mainly due to the formation of a 
reaction product between formaldehyde and organic 
nitrogenous compounds. After eight successive fermen­
tations the percentage of mutants from 5 and 10 p pm
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formaldehyde Y N B  series was 1% similar to that in 
the control Y N B  series, whereas with brewers wort with 
5 and 10 ppm formaldehyde the levels of respiratory- 
deficient mutants were 1.9% and 8.8% respectively.
In a further experiment, formaldehyde (0, 5 and 10 
ppm) was added to washed cells of strain A Y A  sus­
pended in saline; the formaldehyde appeared to have no 
effect because levels of respiratory-deficient mutants 
were comparable in each series.
Heat Stability of Mutagen
Hopped wort which had been boiled down and recon­
stituted three times was used for eight sequential fer­
mentations with strain AYA. The level of respiratory- 
deficient mutants reached 5-6%, in line with results 
obtained in fermentations of similar hopped wort which 
had not been heat treated. This suggests that the pres­
ence of free formaldehyde is not necessary to cause m u ­
tation and that the mutagen is heat stable and non­
volatile.
Dialysis of Hopped Wort
Hopped wort from a mash with 150 ppm formalde- 
hyde was dialyzed against distilled water and the muta­
genic activity was lost (Figure 4). This is taken to 
indicate that the mutagen is less than 10,000 molecular 
weight and is perhaps a product of the reaction between 
formaldehyde and amino acids and/or small peptides.
10-
C
I
M ashed with 150 ppm F o rm aldehyde
D ialysed  O /N  
D la lysed  41 h o u rs
F e rm en ta tio n  No.
Figure 4. Laboratory fermentations—mutant production 
in dialyzed brewers extract.
Ion-Exchange Chromatography of Hopped Wort
Hopped wort which had been passed down an ion- 
exchange column of Dowex 50x-8 resin was shown to
have lost its mutagenic activity. No  mutagenic activity 
could be detected in the distilled water eluate, but the 
ammonia eluate had a similar mutagenic activity to the 
control. This indicates that the mutagen had been sep­
arated from the hopped wort and could be recovered in 
the ammonia eluate (see Figure 5).
■©Control W ort 
© Effluent W on 
■*Water Eluate
1 2 3 4 5 6 .
Fermentation No.
Figure 5. Laboratory fermentations— mutant production 
after ion-exchange chromatography.
Formaldehyde-free .hopped wort which had been 
passed down a column of Dowex 50x-8 ion-exchange 
resin was shown to have lost the substances causing 
mutation in strain L Y A  (see Figure 6). This mutagen 
could be recovered by eluting from the column with a m ­
monia and thus shows that a mutagen is present as a 
normal component of the mash but in too small a con­
centration to affect the ale yeast strains.
Ammonia Eluate
"c
Ferm entation No.
Figure 6. Laboratory fermentations—mutant production 
after ion-exchange chromatography.(2)
20 RESPIRATORY-DEFICIENT M UTANTS
Production of Mutagen Using Other Substrates
A  mutagen was fonned when formaldehyde was added 
to a solution of peptone in distilled water and allowed 
to react. The increase in mutant level was greater in the 
series of fermentations which involved formaldehyde- 
treated peptone than in the control series which involved 
peptone only (see Figure 7). This indicates that formal­
dehyde can react with organic nitrogenous compounds 
from sources other than malt.
7 -
O—O—O Peptone
Peptone + ISO p[n>> 
Form aldehyde
I
I
Ferm entation  No.
Figure 7. Respiratory deficient mutant production in 
fermentations of formaldehyde treated peptone.
Using hopped wort prepared from ale malt and lager 
malt temperature-programmed mashes treated with 150 
ppm formaldehyde, the increase in mutant level was 
slower and less marked with the wort from the lager malt 
(Figure 8). Analytical results showed that the levels of 
a-amino nitrogen were lower (29.8 mg/100 ml) for the 
lager malt wort than for the ale malt wort (32.8 mg/100 
ml). The decreased level of mutagen in the lager malt 
wort could be explained by the lower amounts of nitro­
gen in the mash offering less opportunity for reactant 
formation in the presence of formaldehyde.
Characterization of Respiratory-Deficient 
Mutants of Strain AYA
Ten mutants were further characterized; A  and B  
were isolated from a production fermentation and the 
remainder from laboratory scale fermentations. They 
showed considerable variation in growth rate and fer­
mentation time (Table III). However, all were more 
sedimentary than parent strain (Table IV). Growth 
rates were calculated from the formula Kt=LogIOYt/y09, 
where Yt and Yo are yeast cell concentrations at time 
t=o and t=t. Sedimentation ability values are derived 
from the values of terminal time and terminal count in 
the Woof test°0) expressed on an arbitrary scale of 
0-100.
9
0-0-0 Ale Malt Wort
Lager Malt Wort8
7
6
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3
2
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Figure 8. Respiratory deficient mutant production in 
worts from ale and lager malts.
TABLE III
Comparison of Growth Constant and Fermentation Time 
For Respiratory-Deficient Mutants of Strain AYA
Strain Growth Constant
Fermentation Time 
(hours)
Parent 0.1623 40
A 0.1235 38
B 0.1524 41
D 0.1203 47
E 0.2320 59
F 0.1649 58
G 0.1266 58
H 0.1090 52
J 0.1335 51.5
K 0.1562 41
L 0.1024 52
TABLE IV
Sedimentation Ability of Yeast Strains
Yeast Strain Sedimentation Ability
Parent 9
A 85
B 62
0 73
E 69
F 73
G 74
H 69
J 72
K 73
L 69
Strains A  and B  were felt to offer some promise as 
brewing strains since their growth rates were less than 
that of the parent see (Table III) and fermentation times 
were the same, while their increased sedimentation rates 
would offer significant advantages in cylindro-conical 
fermentations. Strain A  was the most sedimentary of the 
strains examined. Flavor assessments showed that ac­
ceptable beers could be produced from all the mutants 
tested, especially strains A  and B. Analysis of beers 
produced using strains A, B  and C showed similar re­
sults to the parent except that p H  and nitrogen levels 
were higher, due to reduced growth.
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Cytochrome content was investigated using the ben- 
zidene method/7* All yeast strains isolated as white 
(mutant) colonies on T T C  plates were found to be 
cytochrome deficient. By definition, cytochrome defi­
ciency is taken as confirmation that the strains examined 
are respiratory-deficient.
DISCUSSION
The mutagenic activity of formaldehyde reported by 
Hsu et al.<3) has been confirmed in these studies which 
involved two strains of Saccharomyces cerevisiae and a 
lager yeast strain, Saccharomyces carlsbergensis.
It has been shown that formaldehyde added at the 
start of mashing, the normal procedure when formalde­
hyde is used to stabilize beer, is more effective than 
when it is added either at the end of the mashing process 
or directly to hopped wort. This indicates that the 
longer contact time allows a more extensive reaction 
with certain mash components. Radioactive tracer stud­
ies (Macej'<5)) have shown that up to 2 5% of formal­
dehyde carbon added at mashing could be detected in 
the wort, although free formaldehyde concentrations 
were only of the order of 1-2%. In this work, it has been 
demonstrated that the mutagenic activity of hopped 
wort from formaldehyde-treated mashes resides in 
bound formaldehyde and is the product of a polymeriza­
tion reaction rather than caused by the low levels of free 
formaldehyde detected (less than 1%) even after re­
peated boiling and re-constitution.
When formaldehyde is added to the yeast AYA, 
either directly or in the presence of simple inorganic 
nitrogen compounds no significant mutation occurs. 
However, formaldehyde is known to react with organic 
nitrogen such as the amino groups in amino acids, pep­
tides and proteins. These studies suggest that the prod­
uct or products of such a reaction occurring under the 
conditions of infusion mashing is (are) responsible for 
the mutagenic effect reported. The molecular weight of 
this substance or group of substances is probably less 
than 10,000 and is negatively charged. Nearly all mutant 
strains of ale yeast A Y A  produce lower yeast crops than 
the parent strain and the beers have higher p H  values 
and residual nitrogen levels. The differences in residual 
nitrogen concentrations are probably not significant, 
from both the microbiological and organoleptic stand­
points. (Probably, one inference from this is that a res­
piratory-deficient mutant could not ferment satisfac­
torily in wort deficient in alpha-amino nitrogen.) The 
significance of this possibility in relation to raw mate­
rials and wort production should be established. Fer­
mentation times of some mutant strains were similar to 
times for the parent strain A Y A  and related to this 
metabolism of maltotriose can be as good as that for the 
parent strain. Gyllang and Martinson(2) reported that 
respiratory-deficient mutants would not ferment malto­
triose.
In addition to these results the more efficient sedi­
mentation behavior of some mutant strains led to lower 
concentrations of yeast in beer at the end of fermenta­
tion compared with beers involving the parent strain. 
This situation can lead to significant advantages in beer 
processing, especially in centrifugation, yields from cold 
storage tanks and in filtration efficiency.
The organoleptic quality of beers produced by some 
respiratory-deficient mutants both in the laboratory and 
in the pilot brewery was good. In two, cases the beers 
could not be distinguished from that produced by the 
parent strain. These results are in contrast with the find­
ings of other people (SilhankovaC8)). The taste results 
bear out the analytical results, specifically those for 
diacetyl. Concentrations of diacetyl were no greater 
than those found in beers using the parent strain; thus 
refuting a criticism that respiratory-deficient strains re­
sult in unacceptably high levels of diacetyl. Therefore, 
the results obtained from the trials involving strain A Y A  
indicate that there are possibilities of using certain res­
piratory-deficient mutants in ale production.
The behavior of strain A Y B  was similar to that of 
strain A Y A  in formaldehyde-treated mashes. However, 
the lager yeast LYA, while showing the expected in­
creases in concentrations of respiratory-deficient strains, 
gave a significant rate of increase in mutant levels in a 
formaldehyde-free series of fermentations. This is the 
most striking difference between the lager yeast and the 
two ale yeasts and confirms the findings of Gyllang and 
Martinson(2) who studied the behavior of strains of 
Saccharomyces carlsbergensis in tall tube fermentations.
Therefore, some group of substances in wort can cause 
mutation in lager yeast and when formaldehyde is used 
in the mash the rate of change to respiratory-deficient 
strains is accelerated. This suggests similarity between 
the naturally-occurring substances in wort and those 
produced by interaction of mash components with for­
maldehyde. The ion-exchange experiments described 
earlier provide the necessary confirmation that the two 
groups of substances are very similar and are most 
probably peptides and/or peptide-like substances.
This conclusion is consistent with the findings of Hsu 
et al.(3) who considered that the nutritional characteris­
tics of brewers’ wort have a distinct influence on the ef­
fects of formaldehyde on various yeasts. The results ob­
tained in the investigations involving strain L Y A  now 
offer the possibility that the nutritional state of wort in 
the absence of formaldehyde can have a significant in­
fluence in causing mutation in lager yeasts. This implies 
that the types and concentrations of assimilable nitrogen 
compounds are important factors in their own rights. 
Additionally, reaction with formaldehyde probably 
causes polymerization to peptide-like substances which 
have mutagenic activity.
Therefore, there seems to be enough evidence to justi­
fy the conclusion that there is a relationship between 
the stability of yeast strains and wort composition, spe­
cifically the concentrations and the range of nitrogenous 
compounds. Supporting evidence is presented by the 
results of the investigation involving reaction of a pep­
tone preparation, rich in organic nitrogenous com­
pounds, with formaldehyde. This implies also that malt 
modification could affect mutagen production by alter­
ing the types and quantities of nitrogenous compounds 
produced at mashing. This is confirmed by the results 
obtained from fermentations of worts derived from ale 
and lager malts. A  greater rate of mutation to respira­
22 RESPIRATORY-DEFICIENT M UTANTS
tory-deficient strains was found to occur in fermenta­
tions of wort from the ale malt. Lager malts are tradi­
tionally less well-modified with respect to nitrogen than 
ale malts and, thus, less low molecular-weight nitroge­
nous compounds are expected in worts derived from 
lager malts.
Furthermore, it follows that other reasons for varia­
tion in the levels of nitrogenous compounds in wort, such 
as the mashing process and grist composition, could 
have equally significant influences upon yeast change.
There remains the problem of the action to be taken if 
a pitching yeast is found to develop significant levels of 
respiratory-deficient mutants over a short period of, say, 
6-8 fermentations. In the first instance mutants should 
be isolated and characterized preferably for fermenta­
tion rate, growth rate, sedimentation properties, metab­
olism of sugars (up to maltotriose) and simple nitrogen 
compounds and beers should be subjected to some pro­
file tasting procedure. If the effects are manifested in 
slow fermentations and low growth rates, a change in 
yeast management will be required to alter the selection 
which is probably occurring by the existing procedure 
to favor selection of the parent strain. The importance 
of change in sedimentation properties will depend upon 
the fermentation system being employed, but if a change 
results in inadequate quantities of yeast for re-pitching 
then clearly radical and urgent changes to harvesting 
procedures are required. If certain mutants are capable 
of producing beers which can be distinguished from beer 
obtained using the parent strain (s), then the effect in 
production will depend upon the rate at which the m u ­
tant or mutants build up in the pitching yeast. In all 
probability noticeable effects will not occur until the 
later fermentations in a yeast cycle. However, any steps 
taken to ensure reproducibility of fermentation rate,
= growth rate, sedimentation properties and sugar and 
nitrogen metabolisms will automatically ensure that 
flavor effects are reduced to insignificant levels.
SUMMARY
In the production of brewers’ wort on laboratory, pilot 
and production scale, formaldehyde was added to the 
mash. During subsequent fermentations, it was shown
that the rate of production of respiratory-deficient m u ­
tants from the parent ale yeast strain was dependent on 
the formaldehyde concentration used initially and that 
formaldehyde added at the beginning of the mashing 
programme caused the greatest degree of mutation.
After mashing, levels of free formaldehyde were low 
(0.1-0.5 ppm), suggesting the formation of some muta­
genic reaction product. Preliminary studies suggested 
that this is a heat stable dialyzable nitrogen compound 
of less than 10,000 molecular weight.
Strains of respiratory-deficient mutants were more 
sedimentary than the parent and some had faster fer­
mentation times. Two other yeasts were examined, the 
most significant difference being a marked mutation rate 
by the lager yeast strain even in the absence of formal­
dehyde.
This work shows that apparently unrelated changes 
in brewing procedure can result in significant microbio­
logical effects which are manifested in differences in 
fermentation efficiency. Also, some strains of Saccharo­
myces carlsbergensis are less stable than some strains of 
S. cerevisiae. Lager brewers should be aware of this and 
should institute procedures to, firstly, determine the rate 
and effects of mutation and, secondly, institute changes 
in yeast management to keep mutation to a minimum.
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SUMMARY.
THE SEROLOGICAL ASSESSMENT OF BREWING YEASTS. 
By: W.D.Cowan.
Previous serological examinations of brewing yeasts have mainly 
used the techniques of slide agglutination or immuno-fluorescence to 
study cell wall antigens. These techniques have, unfortunately, 
revealed only limited information on the differences between various 
brewing yeasts.
The present study demonstrates that by applying the more sensitive 
technique of micro-immuno electrophoresis to the analysis of yeast 
strains that further information concerning yeast antigenic structure 
could be gained.
Using Principal Components analysis to examine the properties of 
the yeasts held at the National Collection of Yeast Cultures, five 
groups of yeast strains could be differentiated. From the results 
calculated by this analysis it was possible to select representative 
strains from each group for subsequent serological analysis.
A separate antiserum was prepared against one yeast strain from 
each group and these were then used in the analysis by immuno electro­
phoresis, of the antigens from 43 yeast strains. * A total of 19 separate 
antigens were resolved by this method and these serological results 
subjected to computer analysis. Examination of the results obtained 
by principal components and cluster analysis of the serological data 
revealed associations between brewing properties and selected antigens.
Mutant strains of yeast differing in brewing properties from the 
parent strains were prepared and used.to confirm the validity of the 
computer assessment of the serological results.
SEROLOGICAL ASSESSMENT OF BREWING 
 STRAINS. ________
The areas which I intend to cover in this report of our 
investigations into the serology of brewing yeasts are as follows. 
Firstly, I shall briefly discuss the results of the investigations 
made by Campbell and others into the serology of yeasts, particularly 
those belonging to the genus Saccharomyces. Following on from this 
I intend to briefly introduce the methods of serological analysis 
that were used in the present study and to discuss the selection of 
strains for subsequent serological analysis. I will then present the 
results obtained in the serological analysis of brewing yeasts and 
demonstrate the associations that we have observed between serological 
properties and brewing performance, which also illustrates the 
application of computer analysis techniques to the examination of the 
results. In conclusion, I shall briefly discuss the significance 
and implications of these results.
Serological Examination of Yeasts.
Serological examinations of yeast strains have largely concentrated 
on an antigenic analysis of the cell wall using slide agglutination and 
similar techniques. Tsuchiya et al-*- in 1965 investigated strains of 
yeast from a number of different genera and by slide agglutination tests 
using absorbed antisera produced a detailed antigenic analysis of the 
various genera. They were able to demonstrate, in addition to antigens 
specific for each yeast genus, antigens shared by different genera. A 
similar investigation of the cell wall antigens of S. cerevisiae by 
Campbell and Allan^ in 1964 revealed two distinct groups within the 19 
strains examined which corresponded to the recognised morphological groups 
of this yeast, namely S. cerevisiae (rounded or slightly oval cells) and 
S. cerevisiae var ellipsoideus (elongated cells). Absorption studies 
revealed three characteristic antigens carried by S. cerevisiae strains 
but only one carried by the var ellipsoideus strains S. cerevisiae was, 
however, sufficiently antigenically distinct for Campbell and Allan^ to 
propose that agglutination tests could be used for the differentiation 
of this yeast from S. cerevisiae var ellipsoideus and perhaps for the 
identification of other species of Saccharomyces.
Agglutination tests were applied to S. uvarum by Campbell and 
B r u d z y n s k i ^  in 1966 and revealed two groups of strains that could not 
be differentiated by morphology or biochemistry.
Sandula et al^ in 1964 studied the serology of lager brewing yeasts 
by agglutination and immuno-diffusion and also demonstrated a number of 
common antigens within the genus Saccharomyces.
These results have demonstrated that the yeasts used in ale and lager 
brewing can be divided into three groups, as shown in Figure 1.
S. cerevisiae can be seen to fall into group a., whilst S. uvarum strains 
are found in groups b. and c.
Serological techniques have thus yielded information of considerable 
taxonomic importance but attempts to use them as supplementary methods for 
the evaluation of the suitability of yeast for brewing have been largely 
unsuccessful.
3.
5Campbell , in an investigation in 1967 into species of the genus 
Sac charomyc e s. did not observe any antigenic differences as revealed by 
slide agglutination between floeculent and non-flocculent variants of 
the same yeast strain. Similarly, in an investigation of fining and 
floeculent yeasts Campbell et al in 1968 were unable to demonstrate by 
slide agglutination or gel diffusion techniques any variations in anti­
genic pattern in S. cerevisiae or S. uvarum which were associated with 
differences in flocculating power, fining ability or cultural history 
of the cells. Thompson and Cameron?, however, did manage to differentiate 
between top and bottom cropping strains of yeast by immuno-fluoresence, 
but were unable to observe any other differences in the strains they 
examined.
In order to obtain the more detailed information required, if a 
successful comparison between yeast antigenic patterns and brewing 
properties was to be made, a more sophisticated method of analysis was 
felt to be necessary. The technique of immuno-electrophoresis was 
chosen, as it was known that this technique had been used to advantage 
for the examination of yeasts belonging to the genus Candida, which is 
serologically related to the genus Saccharomyces.
Immuno-electrophoresis.
Immuno-electrophoresis is a technique that has been widely applied 
to the study of proteins in biological fluids. The major application 
in brewing and malting science has been in the study of malt and barley 
proteins and a reference antiserum for this purpose has been produced 
under the auspices of the E.B.C.®*^
As its name implies, it is a combination of electrophoresis, in 
which charged protein molecules are first separated by the passage of 
an electric current and immuno-diffusion and precipitation in which the 
antiserum reacts with the proteins which are identified by their specific 
antigen-antibody reactions.
The combination of electrophoresis and immuno-diffusion as a unified 
procedure, now known as immuno-electrophoresis, was due to Grabar and 
Williams-*-^ , who first proposed the combined method in 1953*
The procedure that is followed is simple. The antigen sample is 
placed in a small hole cut in a thin layer of buffered agar gel on a 
glass slide. The proteins are then separated into zones by passage of 
an electric current. A longitudinal trough, parellel to the long edge 
Of the slidq is then filled with antiserum prepared against the antigen 
mixture. Double diffusion takes place; the antiserum diffuses into 
the gel and the antigens diffuse radially in all directions from the 
electrophoretic zones.
Where antigens and their corresponding antibodies meet at equivalence 
points, precipitates are formed. Because of the preliminary electro- 
phonetic separation, these precipitates are arranged in a characteristic 
system of arcs, with the lines of precipitation between the electrophoretic 
zones and trough. The three stages of immuno-electrophoresis* of electro­
phoresis, immuno-diffusion and finally precipitation are illustrated in 
Figure 2.
If necessary, the arcs that result may be stained either with a protein 
stain or with more specific stains sensitive to nucleic acids or enzymes.
The method is normally used as a micro-technique and a typical result is 
shown in Figure in which antigens are numbered from right to left.
1
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Selection of Strains.
In applying the technique of micro-immuno-electrophoresis to 
the analysis of yeast antigens it was first necessary to determine 
which brewing strains of S. cerevisiae should be analysed. As it 
was not possible in the time available to examine all the strains 
held by the National Collection of Yeast Cultures (NCYC), a method 
was required which would enable a representative sample to be taken.
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The brewing strains at the NCYC have been classified by Walkey 
and Kirsop"^ according to the results of five tests (see Figure 4.).
These tests are as follows, head formation, deposit formation, rate 
of attenuation, degree of attenuation and clarification. Each test 
result is expressed on a scale of 1 to 5, a high score indicating a 
high degree of expression of that character. The first stage in the 
selection of strains for serological analysis was, therefore, the 
examination of these test results for all of the strains listed in 
the NCYC to determine whether there were any groupings of yeast strains 
which could be used as a basis for the selection of representative 
strains. A computing technique of multi-variate analysis,v known as 
principal components analysis, was used to examine the test results.
Principal components is one of a number of methods used in 
numerical taxonomy, which is itself a general method of classifying 
objects or entities into groups in a manner which can be made fairly 
free of subjective bias. The overall similarity or non-similarity 
of each object to every other object is calculated from tests or 
observations, (known as variables), made on each object. A mathe­
matical sorting process is then used to accumulatively place objects 
in groups such that intra-group resemblances are high and inter-group 
resemblances low. V ' * *
In principal components analysis the variable are mathematically 
transformed into new independant variables, known as the principal 
components. Roots called eigenvalues, equal in number to the original 
variables, are then extracted and associated with each of these is a 
column vector known as an eigenvector. The main aim of the analysis 
is to reduce the dimensionality of the problem without much loss of 
information; this has been achieved if the first few eigenvalues have 
accounted for most of the variation. One of the clearest visualizations 
of the results is obtained by Using the first two corresponding eigen­
vectors to define axes for plotting the sample objects in a graphical 
or map-like form.
When this technique was applied to the analysis of the yeast strain 
test results, then a segregation of yeast strains into five groups, each 
of two sub-groups, was revealed. In Figure 5» this segration is 
illustrated by the principal components map, which was drawn as part 
of the analysis.
On examination of this segregation it was found that separation 
into the five main groups was on the basis of the test values for head 
formation and deposit formation and this is illustrated by Figures 6 and 7. 
The division of the five major groups, each into two sub-groups, was found 
to be a result of differences in clarification test results (Figure 8.).
The principal components analysis also generated average values for 
the five brewing tests.for each of the sub-groups (Table 1.). These 
average values were used to choose strains representative of each sub-group 
as they corresponded to the average calculated values and these strains 
were then subjected to serological analysis by immuno-electrophoresis.
Five separate antisera were used in the analysis of 43 strains of 
yeast, each antiserum being prepared against a strain from one of 
the five yeast groups.
A total of 19 separate antigens were resolved by this analysis 
and as there was considerable antigenic variation between strains it 
was decided to analyse the results using principal components and 
cluster analysis to determine whether any associations existed between 
serological and non-serological classifications.
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Serological Examination of Brewing Strains Principal Components 
'___________________________________________ Analysis.
As in the previous analysis of yeast strains, a principal components 
programme which generated the principal components maps was used. These 
maps were examined subjectively to determine whether any method of 
computation produced groupings that bore a relationship to the brewing 
quality (B.Q.) groupings observed in the initial analysis of yeast strains. 
The existence of any such groupings was determined by examining the 
distribution of the yeast strains belonging to each B.Q. group over the 
principal components maps produced from the analysis of the serological 
data. Methods of analysis that produced groups of small area show the 
greatest agreement between serological and non-serological data.
Figures 9 and 10 illustrate these segregations of yeast'strains, in 
these figures the position of each strain on the principal components map 
has been colour coded according to which B.Q. group it belongs to. The 
association between the two forms of analysis is shown by the observation 
that all B.Q. group/strains are found in one section of the map, whereas 
group 5. strains are found in the opposite section. These results 
demonstrate how an analysis carried out using non-serological data has 
been confirmed by an analysis using serological data and thus serves to 
increase the confidence with which both types of analysis may be used.
The principal components programme used in these investigations also 
contains the facility to print out the correlations between the presence or 
absence of each antigen revealed in a strain and each brewing property.
From these values it was then possible to determine which antigens were 
significantly associated with individual brewing properties.
Significant correlations were obtained for all of the brewing 
properties, indicating the association of certain antigens with particular 
brewing properties and these are summarised in Table 2.
The highest correlations were obtained for head formation and deposit 
formulation and the major serological segregation of antigens was found 
to be between antigens correlated with head formation and deposit formation. 
It is interesting to note that the original segregation of yeast strains 
into B.Q. groups was on the same basis.
Cluster Analysis.
This is a method of analysis that is normally applied to the study 
of taxonomy in micro-organisms, but it may be used to sort any data on 
the basis of similarity between individuals. The pictorial representation 
of the results of the analysis is normally in the form of a dendogram, 
which is a "family tree" type of diagram in which groups of yeasts are 
progressively divided into smaller units of greater similarity. Three 
slightly different methods of cluster analysis were used and the dendograms
produced are illustrated in Figures 11 - 13. In each case five groups 
of yeast strains could he distinguished and these are indicated by 
extended vertical lines on the Figures.
As we have shown previously, the original analysis of yeast strains 
produced five B.Q. groups and. we felt it worthwhile to compare the 
composition of these groups with the C.A. groups revealed by the cluster 
analysis of the serological data. A concordance table to demonstrate 
the distribution of strains in the two forms of grouping was, therefore, 
drawn'up for each method of analysis. Table 3» demonstrates a typical 
concordance for one method of analysis. Initial examination of these 
tables showed that there did appear to be a good correlation between the 
two forms of grouping and this was confirmed by Chi squared analysis of 
the concordance table results. Table 4. lists the calculated values for 
the Chi squared analysis and demonstrates the significant association 
between the two forms of analysis. The small variation in Chi squared 
analysis values reflects the small differences in the three methods of 
cluster analysis and the best result is that giving the highest Chi squared 
value.
To summarise these results, we have shown that when the results of 
the presence or absence of antigens in- extracts of 43 brewing yeast strains 
were subjected to computer anaylsis, then a relationship between the 
serological and non-serological classifications of the yeasts was demonstrated. 
This relationship was confirmed by two different, though related, methods of 
analysis. Furthermore, correlation analysis has shown that certain antigens 
could be associated with particular yeast properties.
Significance and Practical Application.
These results offer the possibility of using serological methods in 
"the evaluation of yeasts for brewing, as they demonstrate that associations 
between brewing properties and yeast antigenic patterns exist. In order 
to demonstrate the validity of these findings and illustrate the applications 
that could be made of these methods in the study of yeast mutation and yeast 
evaluation, the antigenic patterns of some mutant strains were examined.
These mutant strains were produced from parent strains of known brewing 
properties and a description of these is given in Table 5.
When a mutant strain differing from the parent in flocculating power 
was produced, then this loss in flocculence was associated with a loss of 
antigens 4A, 5 and 511, antigens which correlation analysis had shown to be 
correlated with flocculence (see Table 6).
Similarly, a non-head forming mutant strain was observed to have lost 
antigen 6, which is correlated with head formation and to have gained anti­
gen 4A, which reflects the increase in flocculating power of the mutant 
strain.- (See Table 7.).
The mutation to respiratory deficiency is accompanied by considerable 
loss of antigens, but it should be noted that this mutation does considerably 
alter the cell’s metabolism and, therefore, the loss of these antigens is 
perhaps not surprising. The mutant strain was found, however, to be more 
flocculant and have a greater rate of attenuation than the parent and this 
was shown by a gain of antigens 5 and 7, respectively. (See Table 8.).
These results have provided a practical confirmation of the conclusions 
which were drawn from the analysis of the serological results. In addition, 
they have given an indication of how such methods might be used for examining
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yeast mutation and for determining the suitability of yeast for brewing 
by assessing yeast antigens related to specific brewing properties.
Further application of these techniques may well lie in the examination 
of artificially induced mutants and hybrids and in assessment of other yeast 
properties. The serological results showed a degree of scatter, which may 
be a result of the influence of antigens associated with yeast properties 
not used in the present studies. If the results of investigations into such 
properties as oxygen demand, ester production at increased specific gravity 
and sensitivity to levels of wort nitrogen could be added to the five point 
N.C.Y.C. tests, then further associations of antigens with yeast properties 
might be possible. This could then considerably extend the investigations 
into yeast properties that could be made with the help of serology.
. Support for this view is given by the results in Tables 9 and 10, which 
demonstrate how yeast antigens can vary under certain environmental 
conditions of differing levels of wort oxygenation and wort nitrogen.
It can, therefore be seen that while these studies have provided a 
definite association between yeast antigens and brewing properties, considerable 
further work is required to benefit from the full applications of serological 
techniques to yeast examination.
0 .
W.D.Cowan.
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FIGURE 1.
SEROLOGICAL DIFFERENTIATION OF 
BREWING YEASTS.
Group a : S. cerevisiae
Group b : S. ellipsoideus - diastaticus
+
some S. uvarum 
Group c : S. uvarum
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FIGURE h.
YEAST PROPERTIES TESTED AT TIIE NCYC.
(1) Head Formation.
(2) Deposit Formation.
(3) Rate of Attenuation.
(4) Degree of Attenuation.
(5) Clarification.
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TABLE 1.
AVERAGE VALUES IN N.C.Y.C. CLASSIFICATION OF 
___________ BREWING QUALITY GROUTS.___________
Brewing
Yeast
Group
Head
Formation
Deposit
Formation
Degree of 
Attenuation
Rate of 
Attenuation Clarification
LA 1.0 5.0 4.1 4.3 4.0
IB 1.0 5.0 5.0 5.0 1.0
2A 2.1 4.0 3.8 4.1 3.8
2B 1.5 3.5 5.0 4.8 1.0
3A 2.9 2.9 4.5 4.0 3.5
3B 1.7 1.7 4.9 • 4.3 1.1
4A 4.7 0.8 3.3 4.3 5.0
4B 3*5 1.4 4.9 4.0 1.2
5A 5.0 1.0 1*7 4.4 4.6
5B 5.0 1.0 4.4 4.1 2.6
All Group 
A 3.1 2.74 3.48 4.22 4.18
All Group 
B 2.54 2.72 4.84 4.42 1.38
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TABLE 4"
X2 VALUES FOR CONCORDANCE TABLES
CLUSTER ANALYSIS 
METHOD X2 VALUE*
FURTHEST NEIGHBOUR 47.34
WARDS METHOD 44.1
LANCE WILLIAMS 
P
48.57
* For 16 degrees of freedom .
p O.OI = 32.0 
p 0.001 = 39.25
TABLE 5 .
MUTANT YEAST STRAINS.
Parent. Mutant.
Non-head forming flocculent Non-head forming
non-flocculent
Head forming flocculent Non-head formihg
flocculent
Respiratory sufficient Respiratory deficient
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TABLE 9.
EFFECT OF OXYGENATION ON ANTIGENIC .PATTERNS 
IN STRAIN A.Y.A.
Antigens
Present.
Wort Oxygenation.
Normal Continuous
1 ■ + 4*
1A + -
2 + - . " " --
3 + 4-
3A + 4*
•4 4 +
4A + -
5 + —
5A + - ■
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5 H + -
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6A +
I + +
1Y
e
a
s
t
N
i
t
r
o
g
e
n
B
a
s
e
.1
CO
o'
c
w
p
£
P-*
H
o
p
p
e
d
V
o
r
t
r>
F-
3
F
e
r
m
e
n
t
a
t
i
o
n
+
I
+
4-
+
4* £
I 4* 4- tO
• 4- 4* 4- Ul
+ 4* 4* &
-4* 4- 4-
1
M. • •
’
I 4- 4*
e . CO
Hi
1
o-’
4* 4- Ul
w
1 4- 4* V
I 4- 4*... UlH*
\
* 4-
4* 4* UlH->
!-*
1 4* 4- C\
1 I 1 ON
4- -t- 4- -J
o
I
I
'p
